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ABSTRACT 
 
Synthesis and Characterization of Five New Tetrakis(N-phenylacetamidato) Dirhodium(II) Amine 
Complexes and One new Molybdenum Cofactor Described Crystallographically 
by 
Cragin Harris 
Six new crystal structures were determined using a Rigaku Mercurcy 375/MCCD(XtaLab mini) 
diffractometer.  The structure of a molybdenum cofactor was solved resulting in an R1 (R1 =  ||Fo| - 
|Fc|| /  |Fo|) of 3.61% despite the presence of a disordered DMSO molecule. 
New Tetrakis(N-phenylacetamidato) Dirhodium(II) complexes were synthesized and characterized.  
Two 2,2-cis-[Rh2(NPhCOCH3)4]•(C3H4N2)x where x= 1 or 2 were successfully crystallized and solved 
with R1 values below 5%.  Additional studies were conducted via NMR to observe formation of both 
products. 
 
Three potential catalysts were synthesized starting with 3,1-[Rh2(NPhCOCH3)4].  The resulting 
compounds were a mono adduct 3,1-[Rh2(NPhCOCH3)4]•(C3H4N2), and two dimer of dimers 
complexes with amine bridges 3,1-[Rh2(NPhCOCH3)4]2•(C8H6N2) and 3,1-
[Rh2(NPhCOCH3)4]2•(C10H8N2).  All three complexes were crystallized and solved with R1 values less 
than 10%.  Additional NMR studies were conducted to elucidate solid and solution phase structures and 
to determine the possibility of additional amine bonds forming.    
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CHAPTER 1 
INTRODUCTION 
 
 Catalysts are utilized in industrial processes and are present in a variety of biological systems.1  
The pervasiveness of catalyst stem from their ability to increase the rate of a reaction.  In industry, 
catalysts are utilized because they increase the selectivity, reactivity, or feasibility of reactions which is 
desirable for the mass production of compounds.1  In biological systems, catalysts are usually present in 
the form of enzymes which are necessary for an organism's survival.2  Enzymes are typically part of a 
multi-step pathway to break down a molecule such as a macronutrient during digestion or to synthesize 
a molecule such as an amino acid for a protein.   Generally, a catalyst functions by forming an 
intermediate and lowering the activation energy for the next intermediate or product.1  The decrease in 
activation energy results in an increased reaction rate.  While catalysts are not consumed they may 
degrade with repeated use.  Because of the widespread usage of catalysts, it is important that research 
continues into novel catalysts, their structures, and modifications.  This thesis examines five novel 
dirhodium(II) compounds and one molybdenum cofactor.  
  
Catalysts 
 Catalysts exist in different forms, for example, catalysts may be organometallic, non-metal 
containing, enzymes, or metallic.1  Catalysts can also be in the same phase, homogeneous, or in a 
different phase, heterogeneous.  A heterogeneous catalyst will usually be a solid which then enhances 
the reaction of a liquid or gas.  Homogeneous catalysts, on the other hand, share the same phase as the 
reactants which increases contact making them more efficient but harder to recover because they 
require separation. 
    
17 
 
Metal-Metal Bonding 
 To examine a dirhodium compound it is important to understand how the rhodium-rhodium 
core is bonded.  The bonding between transition metals arises from the overlap of the atomic d orbitals.  
The resulting molecular orbitals are divided into three groups based on geometry and strength of 
overlap.3 When discussing metal-metal bonding, the common reference is that the axis of interaction is 
the z axis.  There are five cartesian d orbitals; dxy, dxz, dyz, dz2, and dx2-y2.  The five d orbitals interact 
between atoms to form σ, π, and δ bonds. 
 Using the z axis as a reference, a σ bond, of lower energy, and a σ*, of higher energy, are 
formed by the overlap of two dz2
 
orbitals.
  
These bonds are the strongest as they are along the z axis and 
formed by the overlap of orbitals with a major component along that interaction, shown in Figure 1 
below. 
 
Figure 1: The dz2
 
orbitals of two metal atoms and the resulting molecular orbitals that form 
 
  π-orbitals are the second strongest of the three bonds discussed and form from the overlap of 
two dxz or dyz orbitals
 
shown in Figure 2 below.  A π and π* orbital form as a result of perpendicular 
overlap between either a dxz or dyz orbital. 
18 
 
 
Figure 2: The π interaction between two dyz orbitals of bonding metal atoms. The diagram                        
of dxz orbital interactions is the same energy however in the xz plane instead of the yz plane 
 
 Lastly δ orbitals are the weakest due to the poor overlap.  This is a result of the fact that they 
interact in a face on manner of two parallel planes.  Overlap of two dx2-y2 or dxy
 
orbitals may give rise to 
δ and δ* bonding orbitals as shown in Figure 3 below.  The z axis is indicated in the diagram to show 
the relative orientation of the d orbitals should be. 
19 
 
 
         Figure 3: The δ interaction between two dxy
 
orbitals of two metal atoms. The dx2-y2
 
interaction is 
the same except for being rotated by 45°                                                                            .                                                                                                   
 
 The two metal atoms only form four molecular orbitals, however, as the dx2-y2
 
 is utilized by 
ligand metal bonding along the x and y axis, and so, is unavailable for metal-metal bonding.  The 
orbitals are populated by the shared electrons of the metal atoms and those donated by the ligands.   
 The rhodium structures of interest are dimers composed of rhodium rhodium cores   Like many 
transition row metals, rhodium has the ability to form a metal-metal bond using d orbitals.  The 
utilization of d orbitals could give rise to five bonds in a gaseous state as the atoms are free of other 
interactions.  However, four bonds are the most that have been observed in similar compounds with the 
first recognized instances being octachloro dirhenate [Re2Cl8]2- and a chromium(II) acetate 
(Cr2(CH3CO2)4(H2O)2.3
 
 In dirhodium(II) compounds, such as rhodium(II) acetate, the metal atoms share 14 electrons 
resulting in an electron configuration of  σ2π4δ2δ*2π*4 shown in Figure 4 below.  The listed electron 
20 
 
configuration results in a bond order of one, with the bond order being half the difference between the 
number of bonding and anti-bonding electrons. 
 
Figure 4: A Metal-metal bonding diagram between two Rh2+ atoms is shown above.  One δ and one δ* 
orbital were omitted in this diagram due to utilization by ligands for bonding 
 
Dirhodium(II) 
 Dirhodium(II) compounds have a number of available uses; however, catalytic activity is the 
most notable.4,5  Previous research has included antitumor studies utilizing modified rhodium acetate.6   
As a result of the discovery of metal-metal bonds and the existence of species like chromium (II) 
acetate, other bimetallic compounds were researched as this presented a new class of molecules. 
Rhodium(II) acetate Rh2(CH3CO2)4
 
was synthesized as a part of continued study,
 
and in 1973 was 
discovered to catalyze diazo compounds.7  Meaning that rhodium(II) acetate interacted with diazo 
compounds in such a way that  other reactions were rendered easier.  The ability to catalyze diazo 
compounds meant that rhodium(II) acetate was potentially useful and further studies were preformed. 
21 
 
 The synthesis of rhodium(II) acetate was accomplished by refluxing rhodium(III) chloride 
trihydrate (RhCl3•3H2O) with glacial acetic acid, and sodium acetate for 1 hour, described in Equation 
1.1 below.3,8  This reaction is used to make Tetrakis(acetate) dirhodium(II) or other similar structures 
directly.  If a different bridging ligand is desired, the acetate bridge can be replaced using a substitution 
reaction. 
                          (1.1) 
 Due to the potential of the dirhodium catalysts, a number of new structures were created.3  
Dirhodium(II) compounds containing various axial and equatorial ligands have since been 
synthesized.3-5,7  The different positions and their labels are shown in Figure 5.  The number of 
modifications have shown that the Rh-Rh bond is very stable and its length is only slightly affected by 
the identity of the axial ligands.3  
 Among the more interesting modifications is the inclusion of chirality to the catalyst by using a 
chiral bridging ligand and ligands that are particularly bulky providing steric hinderance.  Bulky 
ligands are of interest because they assist in the ability to modify selectivity in reactions. 
 One of the ways to modify the activity of the dirhodium(II) compounds is by the introduction of 
ligands that modify the electrophilicity of the rhodium atoms as shown in Figure 5.  The change in 
electrophilicty can be used to adjust the behavior of a catalyst.  
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Figure 5: Bridging ligands of dirhodium(II) compounds that modify electrophilicity.  One bridging 
ligand is shown, however, the other 3 are omitted for clarity (adapted from Trinidade et al. 15) 
 
Changes to the electronic characteristics may be made through donating or withdrawing groups.  
Another means of changing the reactivity is by adding a ligand that contains a reaction site, hydrogen 
bonding site, or groups that change the geometry of allowed reactions. 
 In the 1980's, research into modified dirhodium(II) compounds resulted in the synthesis of 
tetrakis acetamidate dirhodium(II) by Michael Doyle and coworkers. The rhodium acetamide 
dirhodium(II) consists of a di-rhodium core bridged by four equatorial acetamide groups as shown in 
Figure 6 below.  Axial sites are commonly left open for catalytic reactions, although, they are often 
temporarily occupied by solvent or gas molecules. 
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Figure 6:  Pictured is the cis tetrakis acetamidate dirhodium(II) scheme with equatorial and axial sites 
identified 
 
 Because of the asymmetric nature of the bridging ligands, there are four possible isomers.  The 
difference in isomers results from the orientation of the bridging ligand.  The four possible isomers are 
shown in Figure 7, below, with methyl groups and hydrogens omitted for clarity.  2,2-cis, 2,2-trans, 3,1, 
and the 4,0 are named with respect to the relative positions of the nitrogen atoms. 
 
Figure 7: Shown are the four isomers of tetrakis acetamidate dirhodium(II) with methyl groups and 
hydrogens omitted for clarity  
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 Asymmetrical bridging ligands opened new possibilities for structures.3  Many of the new 
structures contained bridges with sulfur, oxygen, or nitrogen as the atom bonded to rhodium.3  Still, 
more bridges incorporated chiral atoms and bonding sites to aid in the selectivity of reactions.  One 
such result was the synthesis of tetrakis(N-phenylacetamidato) dirhodium(II).9 
 Tetrakis(N-phenylacetamidato) dirhodium(II) shares the same isomer designations described in 
Figure 7.  The addition of the phenyl rings to the structure provides steric hindrance at both axial sites.  
The effects of the phenyl rings on reactivity of the dirhodium(II) species is of interest due to the 
number of catalytic processes involving dirhodium(II) and diazo compounds. 
 
Applications of Rh2L4 
 Diazo compounds contain a N2 group that is bonded to a carbon.  These compounds are reactive 
which makes them effective for several uses.  It is for this reason that they function well with 
dirhodium(II) compounds.  The diazo molecule reacts with the rhodium complex to form a metal 
stabilized carbene.  In this case, the carbene donates electron density to the metal which helps to 
stabilize it.  The partially stabilized carbene may be utilized for carbon insertions, cyclopropanations, 
hydroxide insertions, and other reactions shown in Figure 8.3 
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Figure 8: Some reactions involving dirhodium(II) catalyized diazo compounds (adapted from 
Timmons et al. 3) 
 
 As with all synthesis, the more control that can be achieved over the final product, the more 
useful it is because it increases the efficiency of the reaction.  One of the possible reactions, 
cyclopropanation, is useful as it has a variety of biological applications.  Cyclopropane or cyclopropyl-
containing complexes are of interest because the ring associated with the three-member structure is 
highly strained and thus very reactive.  Because of the reactivity of cyclopropyl groups, the synthesis of 
compounds using 3,1; 2,2-trans; and the 2,2-cis dirhodium(II) has previously been examined.10
 
  
 The three dirhodium(II) complexes exhibited cis-trans selectivity when compared to rhodium 
acetate.  The cis-trans ratios are reproduced in Table 1 below.  As shown, the identity of the dirhodium 
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isomer affected the ratio of cis and trans products.  This data shows that bulky equatorial ligands have 
an effect on reactions as seen by the increasing value on going down Table 1.10  The suspected reason 
for the 3,1 having lower selectivity despite the larger bulk of three phenyl rings on one side is that it 
contains an axial site with only one phenyl group to cause hindrance.  The low hindrance axial site is 
thought to be where the majority of reaction take place and would account for the deviation.10 
  
Table 1: The Reported Cis/trans Product Ratios of Various Cyclopropanation Reactions of Listed 
Tetrikis(N-phenylacetamidato) Dirhodium(II) Isomers (adapted from Doyle et al. 10)                                                                                            
 
Alkene 3,1 2,2-trans 2,2-cis 
Cyclohexene 0.2 0.3 0.3 
Ethyl Vinyl ether 0.7 0.6 1 
Styrene 0.8 1.2 1.1 
Trimethyl styrene 1 1.2 1.8 
 
Although there is a general trend of increasing cis/trans ratio upon moving down Table 1, the 
ratio is generally smaller for the 3,1-isomer than for the other two.  The hypothesis that increased bulk 
about the axial sites would increase the selectivity between cis and trans; however, the change with the 
3,1-isomer is less than expected.  The likely cause of the difference is that the 3,1-isomer has two axial 
sites, of which, one is less hindered by phenyl rings.  It is possible that the one side of the 3,1-isomer is 
where all or most of the catalytic reactions took place resulting in a lower selectivity because there was 
less interference from a single phenyl ring. 
 Due to the success of this approach to tuning the cis/trans product ratio, there is interest in 
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examing the results if the more hindered three side was the only side available. 
 
Dirhodium Variations 
 To test the selectivity of the highly hindered axial site and to generate a more effective catalyst, 
it was necessary to synthesize the 3,1-ismer with one axial ligand.  The addition of a stable axial ligand 
to the one site should allow the study of the catalytic activity of the three site with the expectation of a 
higher selectivity. 
 Previously published structures and the molecular bonding diagram shown in Figure 4 indicate 
that electron donors can bond to the axial site which is an electron acceptor.  Ligands with an unshared 
pair of electrons such as those containing nitrogen were consequently examined.  Nitrogen containing 
ligands were considered as stable nitrogen bound dirhodium(II) compounds have been described.3,7,11-14
 
 
The second consideration was that the ligand should only bind to  the less sterically hindered axial site.  
A bulky group was required; however, the bulk would need to be near the nitrogen atom.  As previously 
reported, benzonitrile compounds have shown that the nitrile can reach and react with both axial sites 
and a similar result would need to be avoided.11,12  By chosing a molecule with more atoms directly 
bonded to the nitrogen it is suspected that di-adducts can be avoided when using the 3,1-isomer. 
 The formation of di-adduct products with benzonitrile is important because is shows that both 
sites can be reached and that they are both reactive.  The loss of reactivity at the second axial site is a 
concern because it would negate its use as a catalyst.  Previous research has shown that some axial 
ligands can cause a loss of reactivity.15    
 On further consideration, picking ligands which could bond to more than one dirhodium(II) 
complex would allow for multiple bonding senarios.  Multiple bonding sites could be utilized to bond 
more than one dirhodium(II) unit together or to a surface allowing the synthesis of an anchored 
catalyst.16   Imidazole; 1,5-naphthyridine; and 4,4-bipyridine were chosen.  Previous structures have 
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reported using 1,8-naphthyridine as a equatorial bridging ligand.  Imidazole has not been reported by 
itself.  However, two structures have been reported where the imidazole was part of a larger 
molecule.4,5  The first structure was a di-substituted imidazole based carbene.5  The second structure 
was an imidazole that was bound to the rhodium and also to a peptide that was connected to two the the 
equatorial bridges.4  
 
Molybdenum 
 Molybdenum was shown to be essential in plants in 1932.17    The metal, however, was not just 
needed in plants but also in bacteria and animals.17  However, molybdenum is not the enzyme in this 
case; it is a cofactor.  A cofactor is a molecule that modifies the activity of an enzyme and turns it on or 
off.  In the case of molybdenum cofactor (MoCo), it activates an enzyme.  Sulfite oxidase, nitrate 
reductase, and nitrogenase are involved with MoCo along with other compounds.17  In the absence of 
the molybdenum cofactor, these enzymes are dormant.  The interaction between molybdenum cofactors 
and an enzyme for a functional molybdenum based catalyst is of great interest. 
     Although molybdenum cofactors exist in a variety of biological environments, they were 
believed to have a common form.17   However, this hypothesis was later shown to be incorrect.  A large 
number of molybdenum cofactors have since been studied.2  These cofactors are often coordinated by a 
dithiolene ligand.2 
 Because of the extensive use of molybdenum cofactors in biological systems, it is a strong 
target for research.  The research focuses on two main areas: understanding the naturally occurring 
MoCo, and modifying model MoCo to determine effects and uses.17,18   Tridentate ligands with oxygen, 
nitrogen, and sulfur bonding sites are of interest to researchers.  This class of thiosemicarbazone 
ligands simulates a number of common interactions and can be tuned to explore the effects similar to 
what has been done with dirhodium(II) compounds.18   
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 The benefit of further exploration of thiosemicarbazone ligands and their effects on MoCo are 
potentially significant.  As MoCo is a commonly occurring cofactor in plants and animals, including 
humans, modified version could be used as drug delivery systems, anti-tumor agents, and other as of 
yet to be discovered applications.17,18  In addition to being a part of an artificial system, understanding 
how they function could allow MoCo to be utilized as a molecular target for other developments. 
 
X-ray Diffraction 
 As mentioned previously, the arrangement of atoms affects the reactivity and selectivity of a 
catalysts.  Additionally, the structure of a catalyst may be used to discuss the effects of modifications 
by comparing changes in the structure.  Previously, the means of studying a crystal structure involved 
examining the shape of the crystals that could be grown and drawing conclusions based on microscopic 
structure.  However, with the advent of X-ray diffraction, the tools for studying structures of crystals 
changed drastically.  While the microscopic crystal structure was still used, the ability to determine 
relative atom placements by X-ray diffraction gained widespread use.19,20 
 The discovery of X-rays in 1895 by Willhelm Konrad Röntgen marked the beginning of a new 
means for examining the structure of crystalline molecules.19  These high energy electromagnetic 
waves were originally used by physicians to take X-ray photographs of patients.  It was, however, not 
until the early part of the 20th century that the next considerable step was taken with respect to x-rays.19  
 Visible light may be separated into component wavelengths using a diffraction grating.  
Because X-rays are also electromagnetic waves, researchers reasoned that a diffraction grating would 
be of use in studying them.19,20  However, for a grating to function, it must have lines spaced on the 
same scale as the wavelength of the wave that is being examined.19 It was estimated that X-rays had 
wavelengths that corresponded roughly to the distance between atoms in a solid.  The short wavelength 
would make it impossible to construct a diffraction grating.  Applying this information Max von Laue 
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theorized that crystals could be used as diffraction gratings for x-rays because of inter-atomic 
distances.19,20 
 Both the long range order that exists in crystals, and the distances between atoms being of the 
necessary scale, would prove to work, as Max von Laue had described mathematically.  This was 
proven by Messrs, Friedrich, and Knipping in 1912.20
  
The Braggs, father and son, improved on what 
Messrs, Friedrich, and Knipping had already done.  In the process, W. L. Bragg described 
mathematically the relationship between wavelength and diffraction in a crystal.19,20  His father, W. H. 
Bragg, built one of the first x-ray diffraction instruments in addition to writing an introductory book on 
the subject.19,20 
 
X-Ray Diffraction Theory 
 A crystal is an three dimensional repeating arrangement of atoms.21  A crystal may consist of 
atoms, molecules, or several different molecules in a repeating pattern.  The repeating nature of crystals 
is due to molecules in a solid having a preferred orientation compared to neighboring atoms or 
molecules.  When a solid is formed slowly, the constituent parts have ample time to find a preferred 
arrangement that minimizes repulsion creating the most stable formation.19,21 
 Repeating units arranged uniformly in a three dimensional manner form the basis for X-ray 
diffraction. Bragg’s law describes the relationship between crystal structure and the wavelength needed 
for diffraction to occur as shown in Figure 9.19-21  In Figure 9 parallel lines, one in black and one in 
blue represent electromagnetic waves.  If all the boxes are of identical size, then the blue line will 
travel the distance of the black line plus an addition two lengths in this example.  If the two additional 
lengths are an integer value of the wavelength, then the blue and black lines will exit the crystal and 
produce constructive interference.  If the additional length is other than an integer value of the 
wavelength then the waves will be out of phase and result in destructive interference.  This path 
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relationship determines positive and negative interference patterns.19,21 
 
Figure 9:  Example of parallel lines diffraction in a two dimensional crystal 
 
 Bragg’s Law described the conditions of interference from crystallographic planes using 
Equation 1.2.  In which d is the spacing between crystal layers, θ is the incident angle between the 
incident ray and plane, n is an integer, and λ is the wavelength of the x-ray.19,21 
                             2d sinθ = nλ                                                            (1.2) 
 The repeating arrangement inside a crystal creates identical areas or lattice points.  Lattice 
points are the same except they are separated by some distance.  Crystals contain numerous lattice 
points in three dimensions.  While crystals are three dimensional structures, lattice points are easier to 
demonstrate in a two dimensional fashion.  Shown in Figure 10, below, is a two dimensional repeating 
pattern with several examples of lattice points indicated.  The pattern is assumed to extend infinitely in 
both x and y directions.  All the indicated positions would be indistinguishable to an observer at that 
position. 
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Figure 10: Example of two dimensional repeating pattern with one set of lattice points indicated 
 
 Lattice points are used to define a unit cell.  A unit cell is the smallest repeating unit of a crystal.  
The unit cell is defined by the location of 8 lattice points forming a parallelepiped.  The parallelepiped 
has three sides of length: a, b, and c and three angles: α, β, and γ.  The angle α is between the sides of 
length b and c.  The angle β is between the sides of length a and c.  The angle γ is between the sides of 
length a and b.  These six measurements describe the unit cell and may used as a coordinate system for 
the crystal.  A basic unit cell is shown in Figure 11. 
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Figure 11: Basic unit cell with labeled dimensions 
 
 Using the unit cell dimensions as the coordinate system simplifies location recording.  The 
values of a, b, and c may vary in actual length; however, the length of each side is treated as one, as it 
is the basic unit for the coordinate system that it describes.  This basic unit may be used when 
describing the relationship between molecules and atoms by stating the location in fractions of a unit 
cell such that (a,b,c) describes a location.  Unit cells are divided into seven crystal systems based on the 
associated symmetry.  These crystal systems and restrictions are listed in Table 2. 
 
 
 
 
 
 
 
34 
 
Table 2: Crystal Systems and Restrictions on Axes and Angles 
Crystal System Restrictions on dimensions 
Triclinic None 
Monoclinic α = γ = 90o 
Orthorhombic α = β = γ = 90o 
Trigonal a = b = c 
α = β = γ 
or 
a = b 
α = β = 90o  
γ = 120o 
Tetragonal a = b 
α = β = γ = 90o 
Hexagonal a = b 
α = β = 90o  
γ = 120o 
Cubic a = b=c 
α = β = γ = 90° 
 
 Once a data set has been collected using X-ray diffraction, it then becomes possible to calculate 
the position of all or at least most of the atoms in the structure.  The ability to calculate atom positions 
is valuable.  Information on atom positions allows analysis of interactions; moreover, seeing how a 
structure changes with a variation in one or more ligand may give hints as to the nature of the 
interactions.  Changes that are likely to be examined would include bond lengths and angles.  The 
change in bond length may be used as a measure of relative strength.  The longer a bond becomes the 
35 
 
weaker it is as a strong bond binds atoms closely together.  Therefore, if information regarding a bond 
is gathered and compared to before and after ligation then it can indicate the effect of ligation on the 
strength of the bond. Other measured values such as bond and torsion angles, when they are available, 
can be used to infer about intermolecular and intramolecular forces at work in the solid phase. 
 
X-Ray Diffraction Studies 
 X-ray diffraction studies require one crystal of sufficient quality to provide a diffraction pattern.  
The diffraction pattern is the result of the interaction of the X-rays with the electron clouds of the 
atoms in the repeating lattice of a crystal.  A modern instrument with a digital detector will record 
hundreds of diffraction patterns from numerous angles.  The diffraction patterns are records of the 
interaction between the X-rays and the electrons in the crystal and so effectively a map is generated of 
the electron density in the crystal.  
 Once all the diffraction patterns are recorded they are then processed to generate a three 
dimensional map of electron density in the crystal.  The map is then reduced to the smallest repeating 
unit, the unit cell. 
 Using the map of electron density areas of highest density are assumed to be atoms.  This 
assumption is useable because electrons spend more than 90% of their time in their associated orbitals. 
As atom identities are assigned the model is compared to the data and the remaining electron density is 
adjusted accordingly. As the electron density is adjusted to compensate for the known values of named 
atoms more numerous lower density areas are named.   
  This process is repeated until a model that accounts for the largest amount of electron density 
while not breaking any known structural rules is produced. 
 The resulting model can be used to investigate the structural factors of the molecules that are 
part of the crystal lattice.  By examining angles, bonds, and the local environment of different atoms 
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and molecules it is possible to discover much information about a compound. 
 The structural information gleaned from X-ray diffraction may be exceptionally useful in the 
case of a catalyst because knowing the shape of a catalyst and what additional atoms are close to a 
reactive site may be used to tailor better catalysts or to decide on better reactants. 
 
Nuclear Magnetic Resonance 
 Nuclear Magnetic Resonance spectroscopy (NMR) is a commonly used technique to assess the 
quantity and quality of nuclei.  NMR may be used in conjunction with X-ray diffraction to help verify 
suggested structures.  There are two major reasons for this dual study.  Because the compound is not 
generally not used in a solid state, the NMR helps confirm if the crystal structure is similar to te one in 
a solution.  In addition, because bonds cannot be seen, they are inferred based on known values, 
proximity, and other chemical knowledge.  There are occasions in which a bond is suggested by the x-
ray structure but is merely a product of the solid arrangement and no bond has formed. 
 The origin of NMR dates back to the 1940's and 1950's, during which, two separate research 
groups Bloch, Hansen, and Packard; and Purcell, Torrey, and Pound detected signals from protons.  The 
signals were from a proton in water and from protons in paraffin wax.  This was the beginning of 
NMR. 
 It was later noted that the same type of nuclei would absorb energy of different frequencies.  
The change in absorption was linked to changes in the environment of the nuclei.  The change in 
absorption based on chemical environment was the beginning of chemical shift and is one of the 
foundations of modern NMR  
  Originally 1H were the most studied type of protons as the natural abundance and signal 
strength made them highly suitable.  Eventually though the introduction of Fourier transform (FT) 
NMR in the 1970's would allow the study of a wide variety of nuclei.  The earliest method of NMR 
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involved the use of one frequency of radio-frequency (RF) energy hitting a sample and then collecting 
the data.  This process was repeated several times up and down a range of frequencies and was known 
as continous wave (CW).  It was slow and because the ability to collect multiple scans increases the 
quality and sensitivity of an NMR it was soon to be replaced by the FT NMR. 
 Fourier transform NMR works by utilizing a brand spectrum of RF to excite the sample.  The 
resulting signal given off by the excited sample is recorded and analyzed using a Fourier transform.  
With the advent of fast computers and FT NMR a large number of scans may be taken in a given 
amount of time thus increasing the sensitivity and allowing NMR techniques to be used for a wide 
variety of nuclei. 
 
Nuclear Magnetic Resonance Theory 
 Regardless of being CW or FT, NMR functions on the same basic principle.  Atomic nuclei 
have spin (I), and depending on the relationship between the mass number and the atomic number, it 
can vary significantly.  In the case of the atomic number and mass number both being even the spin is 
always zero. However as long as the mass or atomic number is odd then there is a net nuclear spin. 
Nuclear spin is related to the nuclear magnetic moment (μ) through Equation 1.3.  The magnetogyric 
ratio (γ) is a constant for each nucleus. I, is the nuclear spin.  Planck's constant is shown as h, with the 
resulting equation being as stated as Equation 1.3. 
                                                                  μ = γIh/2π                     (1.3) 
 The understanding of this relationship, along with the energy of interaction, allows for the 
connection between the magnetic field and frequency to be determined.  In Equation 1.4, the 
relationship between magnetic field and frequency is shown with frequency, v, and magnetic field 
strength B. 
                                                                    v = γB/2π                                                                           (1.4) 
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 The application of a magnetic field and RF radiation generally between 5-1000 MHz causes the 
nucleus to move from a low energy level to a higher energy level.  The relaxation of the nucleus or 
release of energy and movement to a lower energy level emits a detectable signal.  The signal is 
recorded and analyzed using a fourie transform to provide the spectrum that is used.  The signal is 
displayed as counts versus parts per million.  In 1H NMR, the position of a peak along the x axis is 
used to identify different protons based on the chemical environment.  The change in the x position of a 
peak demonstrates a change in the chemical environment such as made by shielding and thus can be 
used to identify the position of a nucleus in a compound relative to its neighbors and known values. 
 X-ray diffraction is often preformed in concert with NMR because the NMR data is 
complimentary.  Although Single Crystal X-ray diffraction is a powerful technique it can only be used 
on solids.  An NMR study allows the researcher to compare solid and solution phase features.  The 
desired result is that the two pieces of data reinforce each other.  However, NMR may provide hints 
about the structure that result in a reworking or the facilitation of an explanation.  
 
Research Aims 
 The aims for this research were: 
1. Synthesize of mono-adduct 3,1-isomer dirhodium(II) catalysts for study. 
2. Characterize the new compounds using X-ray diffraction, NMR, and elemental analysis. 
3. Examine new structures and identify compounds for further investigation. 
4. Determine the structure of the molybdenum cofactor to aid in Dr. Dinda in further research.  
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CHAPTER 2 
MATERIALS AND METHODS 
Materials 
Solvents and Reagents  
1. 1,5-Naphthyridine (C8H6N2) 
(96%) Used as purchased from ALDRICH. 
2. 4,4-Bipyridine (C10H8N2) 
(99.9%) Used as purchased from Alfa Aesar. 
3. Acetone [(CH3)2CO] 
(99.9%) Used as purchased from VWR International. 
4. Acetonitrile (CH3CN) 
(99.7%) Used as purchased from B&J. 
5. Chloroform-D (CDCl3) 
(D, 99.8%) Used as purchased from Cambridge Isotope Laboratories, Inc. 
6. Chlorobenzene [(C6H5)Cl] 
(99.8%) Used as purchased from Fischer Scientific. 
7. Dichloromethane (CH2Cl2) 
(99.5%) Used as purchased from BDH. 
8. Ethanol (CH3CH2OH) 
(99.9%) Used as purchased from VWR International. 
9. Ethyl Acetate (CH3COOCH2CH3) 
 (99.5%) Used as purchased from VWR International. 
10. Glacial Acetic Acid (CH3COOH) 
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11. Hexanes [CH3(CH2)4CH3] 
(98.5%) Used as purchased from Fisher Scientific. 
12. Imidazole (C3H4N2) 
(99%) Used as purchased from Sigma Aldrich 
13. Methanol (CH3OH) 
(99.8%) Used as purchased from VWR International. 
14. N-phenylacetamide [HN(C6H5)C2H3O] 
(99.9%) Used as purchased from Fischer Scientific 
15. Rhodium Trichloride Trihydrate [(RhCl3)•3H2O] 
(99.8%) Used as provided from Fischer Scientific 
16. Sodium Acetate (CH3COONa) 
(99%) Used as purchased from Sigma Aldrich 
17. Tetrakis(acetato) Dirhodium(II) [Rh2(O2CCH3)4] 
 Synthesized as described below. 
18. Tetrakis(N-phenylacetamidato) Dirhodium(II) [Rh2(N(C6H5)COCH3)4] 
 Synthesized as described below. 
19. Toluene [CH3(C6H5)] 
(99.5%) Used as purchased from Fischer Scientific 
20. Deionized Water (H2O) 
Produced at East Tennesse State University through mixed bed filtration. 
21. Coarse Sand 
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Methods 
 
Tetrakis(acetato) Dirhodium(II) Synthesis  
 Tetrakis(acetato) dirhodium(II) was synthesized from rhodium(III) trichloride. The synthesis 
was accomplished through the method described by Rempel with the changes discussed below.8  For 
one hour 5.12 g (2.45x10-2 mols) of rhodium(III) trichloride, 9.92 g (1.21x10-1 mols) of sodium acetate, 
100 mL glacial acetic acid, and 100 mL of absolute ethanol were refluxed under nitrogen.  The solution 
was red in color prior to reflux.  During the reaction, the solution changed from red to green, and a 
green precipitate was observed. 
 The green solid was removed by vacuum filtration.  Following filtration, the green solid was 
dissolved in boiling methanol.  The method originally published by Rempel used only 400 mL of 
solvent.  However, because undissolved product remained after 400 mL of boiling methanol had been 
added, the amount of solvent was increased until all product was dissolved.  Complete dissolution of 
the product required 1200 mL of solvent.  The resulting green solution was placed in a fume hood, 
cooled, and allowed to evaporate overnight.  Cooling and evaporation led to precipitation of the 
product which was subsequently collected by filtration. The filtrate retained a green color indicating 
that there was remaining product.  Accordingly, evaporation and filtration were repeated twice more.  
Both repetitions yielded additional product.  After these processes the filtrate retained only minimal 
color, an indicator that only a small amount of product remained.  Use of an ice bath for three hours 
increased the precipitation of the remaining product.  The product which precipitated was then 
collected by filtration.  Collection of the product was deemed complete, as the filtrate retained no color.  
The filtered solids were dried in a vacuum oven at 80.0 ºC overnight to remove remaining solvent.  The 
final product was an emerald green color.  Total yield was 3.605 g (8.156x10-3 mols) of 
[Rh2(O2CCH3)4] or 83.9% yield based on RhCl3·3H2O. 
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Tetrakis(N-phenylacetamidato) Dirhodium(II) Synthesis 
 Tetrakis(N-phenylacetamidato) dirhodium(II) was synthesized following the method previously 
published by the Eagle research group.2  All glassware, a stir bar, 7 thimbles, coarse sand, and sodium 
carbonate were dried in the oven at 150 ºC for 24 hours.  The 7 thimbles were packed with 1 cm layers 
of sand and sodium carbonate in alternating layers until the thimbles were ¾ full with the top being 
sand.  The soxhlet apparatus was assembled as shown below in Figure 12 and allowed to cool under 
nitrogen (N2). 
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Figure 12:  Schematic representation of the soxhlet extraction apparatus utilized in the synthesis of 
[Rh2(N{C6H5}COCH3)4]  
 
Once cooled, 10.07 g (7.45x10-2 mols) of acetanilide [C6H5NH(COCH3)] and 0.989 g (2.24x10-3 mols) 
of rhodium acetate [Rh2(O2CCH3)4] were added to the round bottom flask.  A packed thimble was 
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removed from the oven, placed in the soxhlet chamber, and subsequently cooled under N2.  After 
cooling, chlorobenzene ((C6H5)Cl) was slowly added to the extraction chamber with a long stem 
funnel.  This process was continued until the soxhlet chamber had emptied via the siphon three times 
resulting in a 240 mL of chlorobenzene being added.  
 A three way valve was used to connect the N2, the soxhlet extractor, and the out gas line. The 
valve was secured to the top of the condenser with a clamp.  The out gas line was connected to a test 
tube partially filled with mineral oil.  The mineral oil filled test tube was used to allow visual 
confirmation of gas flow and to provide a one-way valve preventing oxygen from entering the system.  
The system was flushed for 10 minutes prior to the start of heating. Then the N2 was set on a low flow 
rate for the duration of the reaction.  The chlorobenzene solution was brought to a steady low boil and 
observed for 20 minutes.  Once the solvent was cycling through the soxhlet extractor at least once per 
hour, the round bottom flask and soxhlet chamber were wrapped in insulation to promote boiling. 
 Every 24 hours the thimble was changed after allowing 1 hour for the system to cool under N2.  
When replacing the thimble, C6H5Cl was added by filtering through the new thimble to ensure a fluid 
level of at least 150 mL in the round bottom flask.  After C6H5Cl was added, the system was flushed 
with N2  for 10 minutes before heat resumed.  Precautions with N2 were essential in removing oxygen 
from contact with the hot solution thus lowering the probability of degraded products forming.  The 
reaction was run in this manner for 7 days during which the solution turned dark green, and a green 
precipitate formed. 
 After 7 days, the cooled solution was tested for completion using thin layer chromatography 
(TLC).  Rhodium acetate, acetanilide, and the reaction solution were spotted on a TLC plate and 
developed in a chamber containing a 50/50 mixture of ethyl acetate and hexanes.  The TLC of the 
product showed acetanilide and two other components.  The first component that remained on the 
baseline was most likely the decomposition product.  The second component presented a different 
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retardation factor than the rhodium acetate.  In conjunction with the color change these results were 
indicative of product formation. 
 Rotary evaporation was used to remove C6H5Cl from the product mixture.  The product mixture 
remaining was heated overnight in a vacuum oven at approximately 60.0 ºC to remove any residual 
C6H5Cl.  After removal of C6H5Cl, sublimation was utilized to remove acetanilide over the course of a 
week.  Sublimation left a green product. 
 
Separation of Tetrakis(N-phenylacetamidato) Dirhodium(II) Isomers 
 Separation of the product mixture was achieved using flash column chromatography on silica 
gel.  A 20% solution of ethyl acetate in hexanes was used initially after which the ethyl acetate 
percentage in hexanes was increased over time to promote movement down the column.  The 
percentage of ethyl acetate was increased when colored bands failed to elute down the column.  The 
change in solvent polarity promoted movement down the column by the products.  After all colored 
bands had been collected in separate Erlenmeyer flasks, methanol was used to remove the remaining 
rhodium compounds from the column for recycling.  Multiple fractions were collected and then tested 
using TLC.  Fractions with the same product were combined.  Some fractions however, presented 
multiple spots and needed additional separation.  Fractions of similar composition were combined and 
excess solvent was allowed to evaporate before preparing another column.  Columns were used to 
purify any large fractions with multiple products.  The results of running this reaction twice are shown 
in Table 3 which displays the amount collected and percent yield based on rhodium acetate used. 
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Table 3: The Synthesis Results for Tetrakis(N-phenylacetamidato) Dirhodium(II) 
 Total (g) 
(percent 
yield) 
2,2-Trans (g) 
(percent 
yield) 
2,2-Cis (g) 
(percent 
yield) 
3,1    (g) 
(percent 
yield) 
Possible 4th 
(g) 
(percent 
yield) 
First 
Synthesis  
0.358 (   
47.7%) 
0.084 
(10.0%) 
0.194 
(23.1%) 
0.080    
(7.4%) 
N/A 
Second 
Synthesis 
1.204     
(71.8%) 
0.225 
(13.4%) 
0.564 
(33.6%) 
0.388     
(23.2) 
0.027               
(1.6%) 
 
 
Identification of Tetrakis(N-phenylacetamidato) Dirhodium(II) Isomers 
 The order of elution from the column was 2,2-trans, 2,2-cis, 3,1, and then byproducts as 
indicated by previous research.  The order was confirmed using X-ray crystallography results and the 
isomers were then labeled.  The 3,1 and 2,2-trans used in these experiments were also confirmed using 
NMR.  The 1H NMR of the methyl peaks in the Rh2(NPhCOCH3)4  isomers were used to confirmer 
isomer identity as the methyl protons on the 2,2-trans produced a single methyl peak around 1.79 ppm  
and the methyl protons on the 3,1 isomer produced three methyl peaks in a 1:2:1 ratio at approximately 
1.72, 1.77, and 1.92 ppm which agree with previously reported data.9 
 
Synthesis of Modified Dirhodium(II) Complexes 
 Synthesis of the modified complexes was achieved through the following procedure with values 
given in Table 4 below.  Dirhodium(II) solid and ligand were measured in a 1 to 10 mol ratio.  Each 
solid was dissolved separately in 10 mL of CH2Cl2.  The ligand solution was then added to the 
dirhodium(II) solution.  After addition of the ligand solution, a color change occurred in all samples.  
The resulting molecules were identified after X-ray quality crystals were grown. 
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Table 4: Synthesis Details of Modified Complexes 
Rh2(NPhCOCH3)4 
Isomer 
Ligand 
 
Solvent for 
Rh2(NPhCOCH3)4 
Solvent 
for 
Ligand 
Color 
Change 
Product(s) 
10 mg  
2,2-trans 
(1.348x10-5 mols) 
9.0 mg 
Imidazole 
(1.348x10-4 
mols) 
10 mL CH2Cl2 10 mL 
CH2Cl2 
Green 
to 
Purple 
2,2-trans mono-
imidazole     
2,2-trans di-
imidazole 
10 mg 3,1 
(1.348x10-5 mols) 
9.0 mg 
Imidazole 
(1.348x10-4 
mols) 
10 mL CH2Cl2 10 mL 
CH2Cl2 
Green 
to 
Purple 
3,1 imidazole 
10 mg 3,1 
(1.348x10-5 mols) 
0.0175 mg 1,5 
Naphthyridine 
(1.348x10-4 
mols) 
10 mL CH2Cl2 10 mL 
CH2Cl2 
Green 
to Dark 
Green 
3,1 
Naphthyridine 
10 mg 3,1 
(1.348x10-5 mols) 
0.0210 4,4 
Bipyridine 
(1.348x10-4 
mols) 
10 mL CH2Cl2 10 mL 
CH2Cl2 
Green 
to 
Brown 
3,1 Bipyridine 
  
Crystal Growth 
 Each of the preceding four solutions was split equally into seven half dram vials.  One drop of 
acetone was added to each half dram vial.  The acetone additive has previously been noted to enhance 
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crystal growth by members of the Eagle research group. The half dram vials were then placed inside 
labeled glass vials with screw tops and approximately 4 mL of an outer solvent; ethanol, methanol, 
hexanes, ethyl acetate, water, toluene, or acetone, as shown in Figure 13 below.   
 
 
Figure 13: Vapor diffusion chamber used to grow crystallographic quality crystals 
 
The capped vials were left undisturbed at approximately 21° C for up to two months to allow 
crystals to grow through vapor diffusion or slow evaporation.  The 3,1-naphthyridine product 
crystallized, however the crystals defracted poorly.  A second attempt to grow 3,1-naphthyridine 
crystals was made by redissolving the crystals in acetone and growing them in a standard freezer for 30 
days.  The low temperature slows the crystal growth and may result in larger crystals that diffract 
better.  This method was used with 3,1-naphthyridine to grow larger crystals for study.28  
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Molybdenum Cofactor (SB-51) 
 The molybdenum cofactor was received for a crystallographic study. 
 
X-ray Characterization 
 X-ray diffraction studies were performed on six crystals.  Potential crystals were screened with 
a microscope.  If the material in the vapor diffusion chamber appeared crystalline in shape it was 
considered.  Furthermore materials that appeared crystalline were examined using a polarimeter.  A 
polarimeter consists of two polarized lens placed above and below the sample with the upper lens being 
allowed to rotate.  The upper lens is rotated and if a material is a crystal it will polarize the light thus 
causing it to have a different polarization that the surroundings.  The difference in polarization is 
observed by the crystal being lighter or darker at different times than the non-crystal material around it.   
Identified crystals were removed from vapor diffusion chambers using a small drop of STP oil 
on the end of a needle.  Samples were then placed on a slide and examined under a microscope to 
determine which would be utilized for data collection.  Crystals were selected for further study on the 
basis of size and lack of faults.   
A potential crystal was selected using a microscope and then it was cut using a scalpel so that 
no dimension exceeded 0.3 mm as the limit for the crystal to remain entirely within the X-ray beam is 
0.7mm.   
The crystal was then mounted on a MiTeGen MicroMount™ using residual STP oil.  The 
MicroMount™ was secured into a magnetic cup which allowed it to be mounted on the goniometer in 
the Rigaku XtaLab mini™.26  The crystal was cooled to -50 ºC by a sample cooler to reduce thermal 
motion and to freeze the mounting oil thus preventing the sample from moving during data collection.  
After centering the crystal and recording its dimensions and color, the crystal was tested for 
diffraction using 12 initial scans. The scans showed diffraction patterns from various angles.  A crystal 
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that diffracts well will produce a number of distinct spots on the detector readout, generally in a 
geometric arrangement.  Crystals with poor diffraction may still be used to obtain results by increasing 
the exposure time. This allows weaker diffraction patterns to be separated from background or random 
scatter. 
If a sufficient number of spots can be identified, the software is then tasked with identifying 
diffraction spots and attempting to predict spots based on the 12 initial scans.  Once a prediction has 
been generated, the operator then makes a judgment call as to whether the sample is worth running.  A 
sample that produces a diffraction pattern that varies only slightly from the predicted pattern is 
generally run.  If the prediction has more or fewer spots indicated, but the pattern looks the same, it is 
often run.  If the pattern and prediction do not overlap it is unlikely to produce results. 
Additional visual cues from the graphical representation of the diffraction pattern were used to 
evaluate a crystal before proceeding.  Graying of the output image; may be caused by excessive 
mounting grease, and, while not a fatal flaw, it can impair the detection of low intensity spots.  Low 
intensity spots are potential diffraction patterns that appear only lightly on the output indicating a weak 
signal.  Smearing is another issue; visually it appears as though one or more spots have been dragged 
across the display. The presence of smearing may indicate unintended movement of the crystal, poor 
centering, or crystal defects.  Images with an insufficient number of spots may indicate a poorly 
diffracting crystal, poor mounting, or that the exposure time needs to be increased.  The opposite 
problem also occurs when too many spots are present.  An excess of spots could mean that the crystal is 
of high quality or that there are multiple crystals of different orientations present. 
The data collected by the diffractometer was initially processed by Crystal Clear™ software, 
which merges the various diffraction patterns and calculates the unit cell.23  This data is then fed to 
Crystal Structuretm software that is provided with Rigaku instruments to solve the structure.24   
 Crystal structures were solved through the use of Crystal Clear™ and Crystal Structure™ 
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software.23,24  The crystals’ data was processed using SHELXS with various computational packages as 
reported below.25  Most crystals basic strategies as described below.  However some contained 
disorders that required the use of additional methods. 
 
X-ray Solution 
 To solve a structure the initial data is first loaded into Crystal Structure™.23  After 
loading, the data was processed using a crystal system and symmetry point group that conforms to the 
calculated unit cell.  The choice of crystal system and point group may vary as initial calculations may 
suggest multiple possibilities.  The most common type of suggest would involve two symmetry groups 
with one being higher and one lower.  A higher symmetry group contains more symmetry elements 
such a mirror planes and axis of rotation.  However, the lower symmetry group will contain relatively 
similar elements but fewer of them.  The relationship between symmetry elements leads to the 
possibility of either symmetry being correct and so they are often both examined. 
 The next step in solving a crystal is identification of the best method either Patterson or direct.  
Patterson method only works on molecules that contain heavy atoms.  The reason for this limitation is 
that Patterson method generates a vector map of electron density based on the largest indications of 
electron density.  For the Patterson method to function it requires one or more atoms that are 
significantly larger than the rest.  These large atoms provide the significantly larger electron densities 
which are then utilized.  Because the molecules being studied contain rhodium the Patterson method 
may be used.   By comparison direct method predicts atoms based on the electron density.  Both 
methods generally worked, however, on a few occasions the Patterson method would produce an initial 
result that was easier to interpret due to more atom identities being assigned.  Several statistical 
packages were used attempted however structures were solved using ShelXS97.25  These processes are 
additional calculation suites that help to fine tune the model calculations.  Because the packages vary 
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slightly they may produce different results which at times provide insight into problems with the 
structure. 
 Finally the processing suite was selected and an initial structure is generated.  Using the initial 
structure and chemical knowledge, available from previous experiments, the area or areas of residual 
electron density were assigned.  Once atom identities are assigned to peaks the structure is run through 
a least squares refinement.  The refinement uses the new model and compares it to the data set.  If there 
is a difference then the model is adjusted and compared again.   This is continued for a selected number 
of cycles after which the model is inspected.  
 The model is inspected to look for correct bonding based on previous knowledge and general 
understanding of chemistry.  However, because the diffraction is based on a relation to the number of 
electrons, atoms of a similar size can be hard to tell apart.  If N and C which are close in terms of 
electrons are in a structure the next step is to check the equivalent isotropic displacement parameter 
(Beq).  If the atom arrangement or other structural clues do not give a suitable reason for choosing one 
atom over another Beq can help.  The Beq is a measure of volume over which an atom occupies in the 
structure.  When the atom is refine anisotropically the volume it can occupy is limited by bonds and the 
restrictions it would place on the atom.   If the Beq is similar to surrounding atoms then the assignment 
is likely correct.  However, if these an  atom differ significantly from their nearest neighbor or the 
volume described is inconsistent with the bonding then changing identity and running another cycle of 
refinements is the next step.  This process is continued until the model and data agree as much as 
possible while still making chemical sense.   
Additional steps and procedures are sometimes needed if a crystal has disorder.  Disorder is 
basically any atoms or molecules that are not in the same relative position in every unit cell within a 
crystal.  Due to thermal motion atoms vibrate within a crystal and that is reduced by cooling.  However, 
the motion can not be stopped.  This means that all atoms are in slightly different positions each time a 
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diffraction pattern is taken.  The thermal motion however is not a problem to deal with. 
 More significant disorders exsist when atoms or molecules are in significantly different 
placements.  The change in location creates less accurate diffraction patterns which have various means 
of solving when possible.  This study only had two crystals with significant disorder.  The 2,2-trans di-
adduct and the molybdenum cofactor SB-51 both contained disordered solvent molecules. 
 Unfortunately SB-51 had a DMSO molecule that was in a large space where it could tumble.  
The tumbling resulted in a diffraction patter that did not allow for a higher degree of accuracy with 
regards to the DMSO.  Thus, the DMSO was left as three atoms representing the disordered molecule 
as this did not significantly affect the SB-51 molecule of interest. 
 Comparatively the 2,2-trans di-adduct had a disordered toluene molecule for far fewer potential 
positions.  The lack of more positions made it possible to solve in a better fashion than the DMSO in 
SB-51. 
 
Additional step for the 2,2-cis imidazole di-adduct 
 The 2,2-trans imidazole di-adduct crystallized with a disordered toluene in the lattice.  The 
reason for the further treatment of the data is that the toluene is located on a special position.  The 
special position in this case indicates incorrectly that the toluene should be symmetrical on a two fold 
axis.  However, toluene is not completely symmetrical due to the single methyl group attached to the 
ring.  In this case the toluene appears to be disordered due to having two or more possible orientations 
while occupying the same unit cell position the averaging of which looks symmetrical. 
 To treat this problem the two methyl groups were located and separated using the Parts 
command.  One methyl went under PART1 and the other under PART2 then the statement is closed 
with PART0.  Once the statement is constructed the second free variable is set to refine occupancy 
independently of the rest of the structure. 
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 The part commands were utilized when disorder was present in such a fashion that two or more 
atoms were located in the same area but not necessarily at the same time.  The part commands allowed 
the software to treat the atoms listed in parts 1 and 2 as though they do not interact.  This lack of 
interaction allowed the disordered pieces to refine without interference. 
 However this method poved unsuccessful in resolving the disorder even though it provided 
insight into the orientation of the toluene.  Because the toluene was located on a mirror plane the 
disorder had only two positions.  Also, because the ring in toluene is symmetrical there was only one 
disordered atom.  The disordered meythl group consisting of one carbon and three hydrogens was set to 
an occupancy of 0.5.  This occupancy means that the computer treats the atoms as though they are there 
only half the time.  Because this is a mirror plane sysmmetry problem with only two positions the 
methyl must be present in one or the other.  Thus this method of dealing with the disorder can be 
utilized. 
   
Nuclear Magnetic Resonance (NMR) Study of Dirhodium(II) Complexes 
 NMR tubes were cleaned with acetone and then dried using N2.  After drying, they were placed 
in the oven for one hour to remove any trace solvent.  An NMR tube was filled with 1-2 cm of CDCl3.  
The spectrum of the solvent was collected first to facilitate analysis of the products, to confirm the 
solvent's spectrum, and to check the NMR tube for contamination.  NMR data was collected using a 
JOEL AS400 FT-NMR spectrophotometer.27  
 After obtaining the spectrum of the tube and CDCl3, the solvent was used to dissolve the 
measured 10 mg sample of tetrakis(N-phenylacetamide) dirhodium(II) starting material.  The solution 
was returned to the NMR tube and another spectrum was collected.  After the spectrum was collected, 
the solution was then poured into a vial containing a half molar equivalent of the selected ligand: 
imidazole, 4,4 bipyridine, or 1,5 naphthyridine.  The new solution was pipetted back into the NMR 
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tube for the next data collection.  This was repeated seven times leading to a total of 3.5 equivalents of 
the ligand being present in the last scan. 
 This study was performed using four different reactions 3,1 tetrakis(N-phenylacetamide) 
dirhodium(II) and imidazole, 3,1 tetrakis(N-phenylacetamide) dirhodium(II) and 1,5 naphthyridine, 3,1 
tetrakis(N-phenylacetamide) dirhodium(II) and 4,4 bipyridine, and 2,2-trans tetrakis(N-
phenylacetamide) dirhodium(II) and imidazole.  The synthesized solutions were compared to 
previously synthesized batches and found to match in color.  The agreement in color is important as it 
is a simple test for the same compound.  There is some color variation dependant on solvent.  However, 
this method can be used as a first check.  
 
Purification of Products 
 Products used in 1H NMR were purified using the methods below to remove excess ligand.  
Additional NMR spectra were taken to confirm removal of excess ligand.  The purified products were 
then used for elemental analysis. 
 The 3,1 tetrakis(N-phenylacetamide) dirhodium(II) imidazole adduct was purified using water 
over filter paper and a glass frit.  Since imidazole is highly soluble in water, 35 mL of water were used 
to rinse the sample.  Then the product remaining on the filter was allowed to dry and then collected.  A 
separate sample of product that had embedded in the frit and filter paper was obtained by dissolving it 
with CH2Cl2 and collecting the resulting solution.  Both samples were allowed to dry.  The first sample 
was then dissolved in CDCl3 for 1HNMR.  After the spectrum was collected the sample was returned to 
a vial and allowed to dry completely.  
 The 3,1 tetrakis(N-phenylacetamide) dirhodium(II) 1,5 naphthyridine adduct was purified by 
the following washing procedure with water.  The dried sample was placed in a test tube and mixed 
with water.  The sample was subjected to a centrifuge for 5 minutes and the water was removed via 
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pipette.  Five repetitions were conducted then the sample was collected, dried in a vacuum oven.  Once 
dry the sample was dissolved in CDCl3 and a 1H NMR was collected.  The sample was then returned to 
the vial and allowed to dry completely in a vacuum. 
 Low pressure sublimation was used to purify the 3,1 tetrakis(N-phenylacetamide) dirhodium(II) 
4,4 bipyridine adduct.  A vacuum sublimation apparatus containing the sample was heated in an oil 
bath to 80oC for 8 hours twice followed by one run of 2 hours.  Between runs the cold finger was 
cleaned to remove ligand from the system preventing it from falling onto the sample.  The second run 
produced little ligand on the cold finger and so one shorter run was conducted to check for ligand 
sublimation.  When no ligand was observed on the cold finger, after the two hour run, the sample was 
placed in a small sample vial, dissolved, and a 1H NMR spectrum was taken.  After the NMR was 
collected, the sample was returned to the vial and remaining solvent was removed using a vacuum 
oven. 
 The 2,2-trans tetrakis(N-phenylacetamide) dirhodium(II)  imidazole adduct was not purified as 
it contained two products. 
 
Elemental Analysis 
 Approximately 4.0 mg of purified samples were sent to Robertson Microlit Laboratories, Inc.27  
The samples submitted for elemental analysis included the 3,1-naphthyridine and 3,1-bipyridine 
samples.  Analysis of carbon, hydrogen, and nitrogen were requested as a way of confirming both 
NMR and X-ray data.  Inductively coupled plasma optical emission spectroscopy (ICP-OES) was 
employed to determine concentration.  The lab analysis was provided in percent by mass. 
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CHAPTER 3 
RESULTS AND DISCUSSION 
Results and Discussion 
 The goal of this research was to identify ligands for selective attachment to Rh2(NPhCOCH3)4 
in the axial sites and analyze their structure.  After identifying useable ligands the next step was to 
synthesize potential catalysts.  For a catalyst to be viable, the chosen ligand would need to leave one 
axial site open and active.  Additionally any selected ligand would need to form a bond that would be 
unreactive in the presences of catalysis materials. 
 
2,2-Trans-[Rh2{N(C6H5)COCH3}4(N2C3H4)] 
 The 2,2-trans mono-imidazole adduct was crystallized by vapor diffusion with an outer solvent 
of hexanes over the course of a month.  Small red crystals were observed in the growth chamber and 
subsequently examined.  One crystal was selected and used for data collection. Crystallographic data 
was collected at -50 ºC using a Rigaku Xtalab Mini™ with sampler chiller.  The structure was solved in 
Crystal Structure™ using direct method with SHELX97.  The best solution consisted of the 2,2-trans 
isomer bonded to one imidazole molecule through an axial rhodium site.  The proposed crystal 
structure is triclinic with a space group of P-1.  This is a low symmetry space group which is not 
unexpected given the non-symmetrical nature of the molecule.  The structure was solved with an R1 
value of 0.0286.  The R1 value is a measure of agreement between the model and data.  A low R1 value 
below 0.05 indicates that the model and collected data closely agree.  Additional values in Table 5 also 
indicate a stable structure with good agreement.  With wR2 the lower it is the better the structure is.  As 
this values is below 8% it is considered good.  The goodness of fit (GooF) should approach 1.00 which 
this does.  Finally, the values of Δρmax and Δρmin are measures of electron density.  The two values 
should be similar but opposite with values less than one. Such values reinforce that a proposed solution 
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is correct.  Furthermore Δρmax appears 0.836 Å from Rh1. The fact that this peak is close to a large atom 
like rhodium and that it is smaller than a single electron indicates a lack of unidentified atoms.   
 
Table 5: Crystallographic Data of 2,2-trans-[Rh2{N(C6H5)COCH3}4(C3N2H4)] 
Crystal System Triclinic 
Space Group P-1 
Unit Cell Lengths a: 11.8863(6) 
b: 12.6273(7) 
c: 14.0264(9) 
Unit Cells Angles α: 81.474(6) 
β: 77.028(5) 
γ: 70.214(5) 
Data Collection Temperature -50 ºC 
R1 0.0286 
wR2 0.071 
Goodness of Fit 1.02 
Shift/Error 0.004 
Δρmax 0.66 e Å−3 
Δρmin −0.52 e Å−3 
Parameters 477 
 
The proposed scheme for the 2,2-trans mono-imidazole adduct is shown in Figure 14 below. 
The scheme in Figure 14, and the proposed solution in Figure 15, agree with regard to the main 
molecule.  However, in the crystal structure, the data indicated an imidazole molecule.  The inclusion 
of solvent or ligand molecules is possible, particularly when the ligand or solvent is much smaller than 
the main molecule of interest.    
When large rigid molecules, such as the 2,2-trans mono-imidazole adduct, crystallize, gaps 
form between adjacent molecules.  These void spaces are not large enough for another 2,2-trans mono-
imidazole adduct and thus are available for smaller molecules like solvents and remaining ligands to 
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occupy.  Furthermore, imidazole has a boiling point of 256°C, meaning that unbound imidazole will 
remain in the vial.  Imidazole also has two nitrogens which can participate in hydrogen bonding, 
increasing the likelihood of imidazole being incorporated into the crystal.   
 
Figure 14: Proposed scheme for 2,2-trans mono-imidazole 
 
Shown below in Figure 3.02 is an Oak Ridge Thermal Ellipsoid Plot (ORTEP) of 2,2-trans 
mono-imidazole.30  The plot shows the anisotropic displacement of each atom in the structure.  The 
larger the shape, the higher the atomic displacement is.  All atoms in a structure move.  However, the 
ORTEP is used to visually check for consistence of movement.  The shape of a given atom provides a 
visual check of the structure.  Adjacent atoms should have similar displacements and orientations.  The 
exception to this rule is if the adjacent atom has more or less freedom than its neighbor.  The largest 
displacement should be oriented perpendicular to a bond; and the more bonds an atom has, the smaller 
the ellipsoid should be. 
The aforementioned rules results in few notable cases.  The only large ellipsoids occur on the 
phenyl rings, generally farthest from the nitrogen attachment point.  The location of these large 
ellipsoids is expected, as the phenyl rings can wiggle and the farther from the tether point, the more 
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movement is possible.  The consistent size of the thermal ellipsoids is an indicator that the model and 
the data agree.  If the model and data do not agree larger ellipsoids are a typical. 
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Figure 15: An Oak Ridge Thermal Ellipsoid Plot at 30% probability of 2,2-trans mono-imidazole and 
additional molecules in the crystal Lattice 
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After examining the structure the next step is to look at a packing diagram.  Packing diagrams are used 
to examine intermolecular interactions.  Shown along the c axis in Figure 16 below, it appears that 
intermolecular π stacking is unlike due to the separation and orientation of the molecules. 
 Figure 16: A packing diagram of 2,2-trans mono-imidazole product along the c axis 
 
However, the view in Figure 17 shows possible intramolecular π stacking. The distance between rings 
is approximately 3.5 Å with a similar orientation allowing for a possible interaction.  The view in 
Figure 3.04 also illustrates the relative positions of non-bonded imidazole molecules.  It is possible 
given the orientation of non-bonded imidazole that hydrogen bonding is occurring.  Figure 15 above 
also appears to indicate hydrogen bonding is likely between the bonded and non-bonded imidazole as 
the hydrogen on the bound imidazole points at the open position on the unbound imidazole. 
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Figure 17: A diagram of 2,2-trans mono-imidazole product with intramolecular distance shown 
between ring in Angstroms 
 
 A closer examination of the crystal structure using Mercury™ to display potential hydrogen 
bonds shows two prospective interactions.  The first point is the imidazole-imidazole interaction shown 
in blue in Figure 18.  In addition to the ligand interaction, a potential hydrogen bond between the 
imidazole and one of the phenyl acetamide oxygens.  This interaction is less obvious unless the cell is 
expanded to look for it.  The presence of hydrogen bonding does help to explain why imidazole was 
found in the crystal lattice.  The bonds would have helped to stabilize it relative to the dirhodium 
structure, thus making it easier to incorporate into the crystal lattice. 
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Figure 18: The packing diagram of 2,2-trans mono-imidazole product showing possible hydrogen 
bonding with dashed lines. Red and Blue dashed lines represent potential hydrogen bonds 
 
2,2-Trans-[Rh2{N(C6H5)COCH3}4(N2C3H4)2 
 The 2,2-trans di-imidazole adduct was crystallized from CH2Cl2 over the course of a month 
using vapor diffusion with an outer solvent of methanol.  Small red crystals formed and were 
subsequently used to obtain crystallographic data using the same apparatus and settings mentioned in 
the first structure.  The structure was solved using Direct methods and SHELXS97.  The result was a 
monoclinic crystal of space group P21/c.  This is a more symmetric space group than the 2,2-trans 
mono-imidazole adduct crystal.  The solved structure agrees with the scheme below in Figure 19.  
Compared to the mono adduct, the 2,2-trans di-imidazole adduct is more symmetrical with imidazole 
in both axial positions.  However, the asymmetric nature of the imidazole prevents the molecule from 
having higher symmetry.  The R1 value for this structure was 0.030 which demonstrates a close 
agreement between the proposed structure and the data.  Additional refinement details are in Table 6.  
Complementary values of wR2 at 0.0671 and a GooF of 1.056 indicate a good match between 
suggested structure and data collected.  A wR2 value of less than 0.12 is considered good and the value 
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of goof should be between 0.8 and 1.5 with it being better as it approaches 1.00.  
 Lastly the Δρmax is small at only 0.56 e-/Å
3 
a distance of 0.337 Å from C63.  The atom this 
density is near belongs to a solvent molecule and as it is less than one it posses no noticeble problem. 
One of the unique facts about this structure is that it was grown from the same solution as the 
2,2-trans mono-imidazole adduct with the only difference being a different outer solvent.  The 
difference is solvents was that the mono-adduct was grown in hexane and the di-adduct was grown in 
toluene.  It seems unlikely that the different solvents caused the different formations as they would 
have needed to affect the reactivity of the rhodium site or of the imidazole.  It would be more 
reasonable to assume that both crystals formed in both attempts and the only difference was which was 
selected from each growth.  The two crystals had similar shapes and colors and may have been present 
in both samples. 
Table 6: Crystallographic Data of 2,2-trans-[Rh2{N(C6H5)COCH3}4(C3N2H4)2] 
Crystal System Monoclinic 
Space Group P21/c 
Unit Cell Lengths a: 21.0881(15) 
b: 12.3297(5) 
c: 18.0139(8) 
Unit Cells Angles α: 90.000 
β: 109.684 
γ: 90.000 
Data Collection Temperature -50 ºC 
R1 0.030 
wR2 0.0671 
Goodness of Fit 1.056 
Shift/Error 0.002 
Δρmax   0.56 e Å−3 
Δρmin  -0.63 e Å−3 
Parameters 550 
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The scheme in Figure 19 agrees with the suggested structure however there were again 
additional molecules in the crystal lattice.  Two imidazole molecules and one molecule of toluene were 
located during the analysis of the crystallographic data. 
 
Figure 19: The structure of proposed 2,2-trans di-imidazole adduct 
 
 When comparing the ORTEP for the mono and di-adducts the di-adduct has large atomic 
displacement values.  The main structure is still acceptable even with slightly enlarged ellipsoids on the 
phenyl rings.  However, when looking at the top left corner of Figure 20, a group of four carbon atoms 
is shown.  The four carbon atoms have larger than average ellipsoids and that is because the four atoms 
represent part of a toluene molecule.  Toluene molecules are smaller than the hole that they occupy and 
so in this crystal lattice they are able to move.  The movement of the atoms in toluene produces a larger 
dispersion of electron density in the data collection which results in a disagreement between the model 
and data.  Additionally, the toluene is disordered, meaning that it is not always oriented in the same 
manner or in the space place in every unit cell.  This disorder registers as though it occupies a special 
position on a mirror plane and is symetrical.  Because this special position is on a mirror plane, only 
half the molecule is shown.  However, toluene is not symmetrical as shown, because of the single 
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methyl group attached to the ring.  The attached methyl is not mirrored as that would make the 
molecule p-xylene.  Since no p-xylene was used in the experiment and modeling p-xylene results in 
higher shift over error and R1 it was eliminated as a possible explanation.  The reason it is indicated as 
a symmetrical molecule is due to the ability of a smaller molecule like toluene to have multiple 
positions in the cavity that it occupies.  This is addressed in the model by indicating a half occupancy 
for the methyl group showing that it can be in one of two positions but not both.    
 
Figure 20: Oak Ridge Thermal Ellipsoid Plot at 30% of 2,2-trans di-imidazole and additional 
molecules in the crystal lattice 
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The toluene disorder can be shown along the b axis view in Figure 21.  Midway down the 
figure is a line of what appears to be p-xylene molecules.  The p-xylene is actually toluene with 
symmetrical atoms being viewed as previously stated.  The addition of the symmetrical toluene atoms 
to the packing diagram demonstrates the possible positions toluene can occupy.  In this case neither 
toluene methyl group overlaps molecules and as such indicates that both orientations are viable.  
However, there is the possibility that one orientation is preferred as they are not identical.   2,2-trans-
[Rh2{N(C6H5)COCH3}4(C3N2H4)2] also appears to have an alternating arrangement based on the 
orientation of the imidazole ligands.  No intermolecular π stacking is evident as confirmed by the b axis 
view in Figure 21. 
 
Figure 21: The packing diagram showing 2,2-trans-[Rh2{N(C6H5)COCH3}4(C3N2H4)2] product along 
the b axis showing toluene disordered solvent molecule 
Disordered 
Toluene 
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 Figure 22 shows the intramolecular phenyl separation using red centroids which are place 
holder atoms generated only for measurement.  With distances of less than 4 Å π interactions between 
the rings may occur. The interaction of electrons would shield the imidazole during NMR and may 
force it into a reasonably linear position. 
 
Figure 22: A diagram showing phenyl separation of 2,2-trans-[Rh2{N(C6H5)COCH3}4(C3N2H4)2] for 
consideration of potential π stacking 
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Utilizing Mercury™ to analyze the structures shows hydrogen bonding possibilities between 
bound ligand, unbound ligand, and the oxygen in the Rh2(NPhCOCH3)4 structure.  The presence of 
hydrogen bonding may contribute to the speed at which this molecule crystallizes and the high quality 
of the crystals.  The additional bonds would stabilize and orient the molecules in solution, which may 
contribute to crystallization.  As seen in Figure 23, 2,2-trans-[Rh2{N(C6H5)COCH3}4(C3N2H4)2] 
participates in four hydrogen bonds when in this crystal form.  
 
Figure 23: The hydrogen bonding diagram showing 2,2-trans-[Rh2{N(C6H5)COCH3}4(C3N2H4)2] with 
dashed lines indicating hydrogen bonding 
 
NMR study of 2,2-trans complexes 
 The 2,2-trans complexes formed from the same solution in separate vapor diffusion chambers 
with different outer solvents.  Due to the occurrence of two products, a 1H NMR study was undertaken 
to look for information about the formation and structure of these competing products.  When mixing 
the 2,2-trans isomer with imidazole, a purple solution forms.  The 2,2-trans imidazole complexes only 
partially dissolved in CDCl3.  However, after testing chloroform, acetone, and water, CDCl3 dissolved 
more product and therefore was used.   
First, the 1H NMR of the 2,2-trans isomer was collected.  In Figure 24, below, the 2,2-trans 
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isomer is shown with labels on the four different types of protons it contains.  Any proton not labeled is 
identical to one that is labeled. Table 7 lists, where possible, the label, type, and location of the protons.  
Because the 2,2-trans isomer is symmetrical, all of the methyl groups are equivalent. Consequently the 
methyl protons show up as a singlet at 1.85ppm.  Water was present in the CDCl3 and identified in this 
spectrum at 1.75ppm in Figure 25 the shift may be caused by interaction with the dirhodium(II) isomer 
as water moved between 1.56-1.80 ppm.  The four phenyl rings are equal due to symmetry and as a 
result produce only three different signals in an integrated ratio of 2:2:1 as shown in Figure 26 below.  
The (b) protons were identified by their doublet splitting pattern and the fact that (b) and (c) consist of 
eight protons.  The (d) protons were identified by the fact that they had half the protons of (b) or (c) 
and a triplet splitting pattern. 
 
Figure 24: The scheme showing 2,2-trans isomer with proton labels for 1H NMR 
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Table 7: Proton Identification for 1H NMR of 2,2-trans Isomer 
Proton Label Splitting Location (ppm) 
a Singlet 1.85 
b Doublet 7.00 
c Triplet 7.28 
d Triplet 7.13 
Water Singlet 1.75 
CHCl3 Singlet 7.25 
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Figure 25: 1H NMR of 2,2-trans isomer in chloroform-D 
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Figure 26: 1H NMR of 2,2-trans isomer from 6.0-8.0ppm 
 
 75 
An NMR of imidazole was produced using 90 mg of imidazole in CDCl3.  Imidazole has three 
different protons and is highly soluble in CDCl3.  The proton attached to the nitrogen is labile and as 
such, does not always produce a notable peak.  By using a large amount of imidazole, the nitrogen 
bound proton is easier to identify. 
The imidazole in Figure 27 produces three signals labeled (n), (o), and (p).  The hydrogen on 
one nitrogen is shown for clarity.  Protons labeled (n) produce a singlet because the two protons are 
equivalent, and so cause no splitting.  The molecule registers as symmetrical because hydrogen may 
attach to either nitrogen.  Proton O produces a singlet upfield of N because it is deshield due to the 
proximity of the two nitrogen atoms.  NMR positions and splitting are indicated in Table 8 below and 
shown in Figure 28. 
 
 
Figure 27: A Scheme showing imidazole with 1H NMR labeled protons 
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Table 8: The Proton Identification for Imidazole 1H NMR 
Proton Splitting Position (ppm) 
n Singlet 7.12 
o Singlet 7.73 
p Broad Singlet 12.63 
CHCl3 Singlet 7.25 
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Figure 28: 1HNMR showing Imidazole in CDCl3 
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 The imidazole was added to a solution of the 2,2-trans isomer in half molar equivalents until 
3.5 equivalents were reached.  After each addition an NMR scan was taken.  The first scan which 
contained a half equivalent of imidazole is shown in Figure 29 below.  The appearance of peak (p) in a 
1:2 ratio with peak (o) similar to Figure 28 is indicative of little or no bridging.  Had a bridge formed 
between the dirhodium cores it would have required removal of the proton and thus the loss of the (p) 
NMR peak.  Both peaks (p) and (o) have shifted upfield indicating an increase in shielding.  Factors 
contributing to a change in shielding are the bonding to the dirhodium complex and π shielding 
resulting from the phenyl rings to either side of the imidazole.  Peak (n) appears also upfield of its 
unbound position at 6.68 ppm.  This is again likely caused by π electron shielding. 
In Figure 25 the methyl peak (a) is larger than the water peak, but in Figure 29 the opposite is 
true.  This ratio change would agree with the observation of product having precipitated thus increasing 
the relative amount of water and the lack of another large peak in the methyl region shows the low 
solubility of the products.  Additionally, peaks (c), (b), and (d) are observed to have remained both in 
position and ratio as shown in Figure 25 and 29, which supports the lack of a bridged complex as that 
would have involved more of the dirhodium isomer and caused a peak shift.  The lack of well refined 
peaks is due to hydrogen bonding and the presence of a solid in the NMR tube.  
The last item in Figure 29 that is of note is peak x which appears to be a triplet with a relative 
integration of 4.  It is possible that this triplet is from an unreported structure such as a bridged 
complex or interference caused by the solid.  The reasoning for this speculation is that the triplet does 
not appear after addition of another half equivalent of imidazole. 
The scheme shown in Figure 29 is of the 2,2-trans mono adduct of imidazole.  However, the 
major product in this solution may be either a mono- or a di-adduct.  Therefore the scheme is intended 
only as a guide when viewing the 1H NMR spectrum. 
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Figure 29: NMR of 2,2-trans isomer with 0.5 equivalents of imidazole in CDCl3 
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Figure 30 shows the 1H NMR spectrum of 2,2-trans and 3.0 equivalents of imidazole.  Several 
peaks have become less distinct with the addition of imidazole.  The spectrum is shown from 8.5 ppm 
to 0.0 ppm, because the previously present (p) peak does not occur in this spectrum.  Additionally, the 
methyl and water peaks have mostly disappeared.  Label (a) shows where methyl and water peaks were 
previously recorded but which is now occupied by a low broad peak.  The change in the methyl and 
water peaks is stark when compared to the grease peaks at 1.25 ppm and 0.8 ppm which were 
previously smaller. 
 It is likely that the rising amount of imidazole coupled with the low solubility of the product 
results in dispersed methyl and water peaks.  As seen in the crystal models previously, the imidazole 
can form a hydrogen bond to the bridging ligands at the oxygen, which in turn may have affected the 
1H NMR response of the methyl groups.  The hydrogen bonding of excess ligand could have affected 
the remaining methyl peaks by temporarily interacting with the oxygen in addition to the proximity of 
the imidazole’s π electrons.  By varying the environment of the methyl protons the corresponding 
peaks may have spread out.   Three peaks are labeled in the phenyl region which is near 7.00 ppm.  The 
first is (o) which has shifted downfield.  The downfield movement along with the relatively large size 
of the peak would appear to indicate that the peak (o) is actually a result of unbound imidazole.  Any 
difference in the position of the peak (o) and the similar peak in Figure 28 is likely again due to the 
solution environment. 
 The CHCl3 is labeled as a reference and upfield of CHCl3 is a peak labeled (n and phenyl 
protons).  This large peak has a relative ratio to (o) of 1:2 as expected.  However it is much larger than 
peaks involving the product should be.  It appears again that this is an unbound ligand peak.  Finally a 
small peak labeled (n) at 6.63 ppm which is only slightly downfield of the previously noted position of 
6.68 ppm in Figure 30 represents the bound ligand.  The fact that (n) is close to half of (o) is expected 
due to the solubility problem. 
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Figure 30: 1H NMR of 2,2-trans and 3.0 equivalents of imidazole in CDCl3 
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All 1H NMR spectra collected during the expirement with 2,2-trans and various imidazole 
fractions are shown below in Figure 31. Previously discussed peaks in the phenyl region are labeled.  
The peak labeled (s) demonstrates location of the CHCl3 peak. The increase of the unbound ligand 
peaks may be observed when comparing peaks 4 and 5 and their relative integrations to the peaks 
around them.  The methyl peaks are also of interest as they appear to disappear after one equivalent of 
imidazole is added. 
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Figure 31: 1H NMR of 2,2-trans isomer plus imidazole from 0.5 to 3.5 equivalents 
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Elemental analysis study of 2,2-trans complexes 
 No elemental analysis was undertaken due to the presence of multiple products in one solution. 
  
3,1-[Rh2{N(C6H5)COCH3}4(N2C3H4)] 
 The 3,1 imidazole adduct produced a purple solution from which red crystals were grown.  The 
crystal structure was solved in a monoclinic crystal system in the P21/n space group using direct 
methods SHELX97.  The final R1 value was 0.056 which is the correlation between data and proposed 
structure.  The proposed solution contained larger residual electron values than the previous structure.  
Although the residual electron density was 1.72 e Å−3 no additional molecules were identified in the 
crystal structure. By way of comparison, the deepest hole on the electron potential map was -0.89 e Å−3 
which is of a similar size to the previously discussed structures and within expected values.  Several 
attempts using various space groups and attempting to find additional atoms in the lattice were made.  
However, no additional atoms were identified and the present space group provided the best model.  A 
likely cause of the residual electron density may be solvent inclusions that were not consistent enough 
to be detected in the diffraction pattern.  Additionally the peak was located 0.939 Ǻ from Rh2 in a 
postion similar to an axial ligand.  This may indicate the occasional presence of nitrogen or oxygen 
thus making it difficult to identify or remove. 
 Despite the presence of extra electron density, the structural factors in Table 9 indicate a good 
fit with the data.  The resulting structure is a 3,1-imidazole adduct with one imidazole bound to the less 
sterically hindered one side of the 3,1-molecule.  The absence of a second imidazole bound to the 
second axial site results in it retaining a potential catalytic site.  The proposed structure of the 3,1-
imidazole adduct is shown in Figure 32. 
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Figure 32: The scheme of proposed 3,1 imidazole product 
 
Table 9: Crystallographic Data of 3,1-[Rh2{N(C6H5)COCH3}4(C3N2H4)] 
Crystal System Monoclinic 
Space Group P21/n 
Unit Cell Lengths a: 9.3636(10) 
b: 16.7042(18)  
c: 22.684(3) 
Unit Cells Angles α: 90.000 
β: 99.637(7) 
γ: 90.000 
Data Collection Temperature -50 ºC 
R1 0.056 
wR2 0.147 
Goodness of Fit 0.82 
Shift/Error 0.003 
Δρmax   1.72 e Å−3 
Δρmin  -0.89 e Å−3 
Parameters 428 
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 An ORTEP with the ellipsoids displayed at 30% is shown in Figure 33 based on the proposed 
structure.  The ORTEP displays enlarged ellipsoids on the phenyl rings.  Two factors contributing to 
enlarged ellipsoids are the low quality crystal and potential steric interactions between the three phenyl 
rings.  It is conceivable that several possible phenyl arrangements occur due to the close proximity of 
the three rings on one side.  This observation is supported by the fact that in general the ellipsoids are 
oriented in a consistent manner.  The consistency of the arrangement would likely occur if all the atoms 
in a ring moved in a similar direction part of the time.  Additionally, the ellipsoids appear to point away 
from other rings which again would happen if the rings were moving away from each other.  The 
possibility of multiple positions for the phenyl rings is a type dynamic disorder in which a large 
number of possible positions exist in the crystal.  The diffraction of the phenyl rings would result in the 
elongated shapes shown in Figure 33 because it is showing an average of the placement of all the 
slightly difference phenyl atoms. 
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Figure 33: The ORTEP with 30% ellipsoid probablitiy of the 3,1-imidazole adduct 
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 Crystal packing arrangements are shown along axis a in Figure 34 and axis b in Figure 35.  The 
axes were chosen for the clarity of the image provided, because some orientations are difficult to 
interpret in two dimensional formats.  In the figures below, multiple 3,1-imidazole adducts can be seen.  
No notable π interactions are evident between the phenyl rings of neighboring molecules.  However, an 
interesting arrangement can be seen where the open axial rhodium is pointed at a methyl group of a 
neighboring molecule.  This orientation is probably a result of geometry, due to the large steric bulk of 
the three phenyl rings. It could also represent a potential electronic interaction.  
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 Figure 34: The packing diagram of 3,1 imidazole product along the a axis 
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Figure 35: Packing diagram of 3,1 imidazole product along the b axis 
 
 After examing the structure in Mercury™, hydrogen bonds become evident between the 
imidazole and an oxygen of a neighboring molecule.  This interaction is shown in Figure 36 below.  
The hydrogen bonding was expected given similar results in the 2,2-trans structures.  However, 
without the additional imidazoles in the crystal structure, there were fewer possible bonding sites.  It is 
worth noting that the bonding site is on the least sterically hindered oxygen.  The lack of hydrogen 
bonding on the 3 side potentially points towards the phenyl rings blocking the 3 side far more than 
expected. 
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Figure 36: A diagram showing hydrogen bonding in 3,1-imidazole product represented by blue lines 
 
NMR 3,1-[Rh2{N(C6H5)COCH3}4(N2C3H4)] 
 As previously described, 1H NMR data was collected using increasing equivalents of the 
selected ligand.  Prior to the addition of ligand, a spectrum of the 3,1-isomer was collected.  The 3,1-
isomer contains 12 types of protons.  The methyl protons display at three different positions due to the 
asymmetrical nature of the molecule.  The phenyl rings are sorted into 3 groups as well, corresponding 
to the closest methyl.  The different protons are labeled in Figure 37 and detailed in Table 10 
 The methyl protons occur in a 1:2:1 ratio of (a):(b):(c).  The methyl groups may be used for 
isomer identification, because none of the other isomers produce three peaks in the methyl region.  The 
methyl protons are also easier to identify, as there are generally fewer competing signals. 
 In the phenyl region from 6.0 ppm to 8.0 ppm, the 1H NMR is more complex than the 2,2-trans 
and includes several set of close signals that may overlap in the presence of ligands.  Most assignments 
can be made by examining the splitting pattern and relative proton ratios.  However, in the case of (j), 
(l), and (m), the protons appear to overlap too much for clear separation.  The accompanying NMR is 
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shown in Figure 38, and an expanded version of the phenyl region is shown in Figure 39. 
 
 
Figure 37: 1H NMR scheme of the 3,1-isomer with proton labels 
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Table 10: Proton Identification of 3,1 Isomer 
Proton Splitting Position (ppm) 
a Singlet 2.03 
b Singlet 1.84 
c Singlet 1.87 
d Doublet 7.08 
e Triplet 7.35 
f Triplet 7.22 
h Doublet 6.66 
i Triplet 7.14 
j Triplet 7.02 
k Doublet 6.50 
l Triplet 7.02 
m Triplet 7.02 
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Figure 38: 1H NMR of 3,1-isomer CDCl3 
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Figure 39: 1H NMR of 3,1 isomer CDCl3 from 6.0 ppm to 8.0 ppm 
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 After imidazole and the 3,1-isomer were mixed, another NMR was recorded as shown in Figure 
40.  The resulting NMR had 0.5 equivalents of imidazole.  If no bridging occurs between dirhodium 
molecules there should be an equal number of complexed and uncomplexed dirhodium molecules and 
their related peaks.  Peak (p) is the easiest peak to identify at 10.75 ppm, because no other proton 
registers in that range.  Comparing the position to the initial position of 12.63 ppm to the 8.66 ppm 
position in the 2,2-trans adducts, it would appear that the imidazole is bound and effected by shielding 
from one phenyl ring.  The change of 1.88 ppm for the 3,1-imidazole adduct compared to the 3.97 ppm 
change for the 2,2-trans adduct would be consistent with a doubling of the shielding phenyl rings.  The 
(p) peak is slightly broader than normal which may indicate that hydrogen bonding is possible. 
 As previously stated, there should be a 1:1 ratio of complexed and uncomplexed dirhodium 
molecules.  In Figure 41 there are 9 labelled peaks.  The grease peaks at 1.25 ppm and 0.8 ppm are 
present in all tested samples.  Their presence is the result of a small amount of grease being dissolved 
into the dirhodium starting material during synthesis and they can be reduced by washing with hexanes.  
At 2.11 ppm there is an acetone peak which is leftover from washing the NMR tube.  Once acetone and 
grease peaks are removed from consideration, 6 peaks remain.  These appear in groups with roughly 
1:1:2 ratios.  The 6 peaks correspond to the complexes with imidazole and without imidazole.  Peaks 
(a1), (c1), and (b1) are within 0.01 ppm of the methyl peaks present in uncomplexed 3,1-isomer.  Peaks 
(a), (b), and (c) however have a similar ratio as well.  However, they are in different places.  The 
additional three peaks are the 3,1-imidazole adduct and demonstrate that at 0.5 equivalents significant 
bridging does not occur.   
 97 
 
Figure 40: 1H NMR of the 3,1-isomer plus 0.5 equivalents imidazole in CDCl3 
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Figure 41: 1H NMR of the 3,1-isomer plus 0.5 equivalents imidazole in CDCl3 displayed from 0.0 ppm to 2.5 
ppm 
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 For comparison a spectrum of the 3,1-imidazole adduct with excess imidazole  removed is 
shown in Figure 42.  The peak (p) is at 10.75 ppm and peak (o) is more noticeable at 7.28 ppm which is 
a shift from the previous 7.31 ppm in Figure 40.  The shift is small and may be contributed to slight 
differences in the solution environment or variations in the instrument.  The methyl region of the 
purified sample is clearer than the previous sample.  It contains the three new methyl peaks at 1.73, 
1.90, and 1.99 ppm shown by the second set of methyl peaks in the spectrum shown in Figure 41 with 
an enlarged view in Figure 44. 
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Figure 42: 1H NMR of purified 3,1-imidazole adduct 
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Figure 43: 1H NMR of purified 3,1-imidazole adduct displayed from 6.0-8.0 ppm 
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Figure 44: 1H NMR of purified 3,1-imidazole adduct displayed from 1.0-2.5 ppm 
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Figure 45 shows the results of adding increasing amounts of imidazole to the 3,1-isomer.  Label 
1 shows the change from six peaks to three in the methyl region.  Label 2 shows the lack of peak (p) 
after one equivalent was added.  The lack of peak (p) is likely a result of hydrogen bonding and a labile 
proton on the imidazole.  The signal that would normal appear may still be there but with hydrogen 
bonding it is spread out and thus harder to detect. 
 Labels 3 and 4 mark the (o) and (n) peaks of the imidazole and show that they shift farther from 
the initial position.  Label 3, particularly, shows a shift upfield as more imidazole is added.  The shift is 
consistent with the unbound imidazole, again showing that imidazole is unlikely to bind to the 3,1-
isomer more than once. 
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Figure 45: 1H NMR of 3,1-isomer and imidazole in equivalents from 0.5 to 3.5 
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Elemental analysis of 3,1 imidazole adduct 
 Elemental analysis of a purified sample of 3,1-imidazole adduct was performed by Robertson 
MicroLit Laboratories using ICP-OES.  The mass percentages agreed closely with those calculated 
from the formula.  This data, in addition to the 1H NMR results support the suggested crystal structure.  
The elemental analysis values are shown below in Table 11 with the predicted being calculated from 
the proposed structure. 
 A small variation in the rhodium and carbon is not unexpected.  The difference in the rhodium 
value is approximately 5.5% putting it within expectations as ICP-OES errors can be as high as 8% 
unless they are calibrated frequently during a day.  The difference in carbon is less than 1% and as a 
result can be ignored.   
 
Table 11: Elemental Analysis Values for the 3,1-Imidazole Adduct 
 Rhodium Carbon Nitrogen Hydrogen 
Predicted 25.4% 51.8% 10.19% 4.4% 
Reported 24.00% 51.60% 10.19% 4.43% 
 
 
3,1-[Rh2{N(C6H5)COCH3}4]2(N2C8H6) 
 The 3,1 naphthyridine adduct crystallized after one month in a freezer.  The freezer was utilized 
because previous room temperature attempts formed small green crystals that diffracted poorly.  The 
lower temperature slowed the formation of crystals and allowed for larger crystals by removing energy 
from the system, slowing evaporation, and slowing movement of the solvents.  The resulting green 
crystals were used to for analysis.  The proposed structural solution was triclinic as determined by the 
unit cell calculation with a space group of P-1 and resulted in an R1 of 0.052, using direct methods 
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SHELX97.  The proposed solution fits closely to the data.  Other structural factors are shown in Table 
12.  The GooF is close to 1.00, shift over error is close to zero and the wR2 is 0.134 all of which 
indicate a model that is matches the collected data closely.   
The largest residual electron density peak is located 1.027 Å from Rh1.  Although this is farther 
from a large atom than is preferred as it is unlikely to be a transcription error the fact that the peak is  
0.67 e Å−3 means that is it unlikely to be a serious problem with the structure.   
As shown in Figure 46, the structure appears to be a dimer of dimers with the 1,5-naphthyridine 
acting as a bridge between two dirhodium(II) cores.  The rhodium on the side with only one phenyl 
ring bound to the nitrogen of the 1,5-naphthyridine.  This axial ligand is of interest because it can be 
purchased inexpensively and requires half as much as imidazole, and allows examination of the effects 
of a bridging ligand.  One noteable problem with this ligand is that the 3,1 and the 1,5-naphthyridine 
solution in CH2Cl2 a green color similar to a solution with just the 3,1-isomer.  The lack of an easily 
distinguished color change removes a useful visual check of the reaction.  
 
Figure 46: Scheme of proposed 3,1 naphthyridine product 
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Table 12: Crystallographic Data of 3,1-[Rh2{N(C6H5)COCH3}4(C8N2H6)] 
Crystal System Triclinic 
Space Group P-1 
Unit Cell Lengths a: 8.2955(11) 
b: 14.1604(19) 
c: 15.482(2) 
Unit Cells Angles α: 81.480(6) 
β: 75.374(5) 
γ: 82.005(6) 
Data Collection Temperature -50 ºC 
R1 0.052 
wR2 0.134 
Goodness of Fit 1.18 
Shift/Error <0.001 
Δρmax  0.67 e Å−3 
Δρmin -0.84 e Å−3 
Parameters 424 
 
 
 Figure 47 shows an ORTEP at 30% of the proposed 3,1-naphthyridine adduct.  Similar to the 
previous structure, the 3,1- naphthyridine adduct has larger thermal ellipsoids on the phenyl rings.  The 
existence of large thermal ellipsoids is of little concern because the three phenyl side has a large 
amount of steric hindrance which contributes to phenyl movement.  The one exception is the carbon in 
the far left corner.  It is unusual that the ellipsoid is largest in the directions of the bonds.  However, due 
to the fact that other ellipsoids on that ring share a similar orientation, it is likely due to movement of 
the ring. 
 No solvent or ligand molecules were discovered in the crystal lattice.  The values for the highest 
peak, 0.67 e Å−3, and lowest valley, -0.84 e Å−3, of electron density agree with there being no 
unaccounted for atoms in the structure.  It is likely given the low temperature used during 
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crystallization and the period of time need to crystallize, that both ligand and solvent molecules were 
excluded from the crystal lattice.  Exclusion of extra molecules may lower the energy needed to 
crystallize by creating a more stable crystal and is therefore likely to happen when the temperature is 
lowered. 
 When looking for interactions of note in the molecule, the relative placement of the phenyl 
rings compared to the 1,5-naphthyridine ring is of interest.  As noted in the previous structures the π 
electrons of the phenyl rings can contribute to shielding in 1H NMR and thus it is possible that the 
phenyl rings are interacting with the 1,5-naphthyridine producing π stacking.  Another interaction may 
occur between the hydrogens of the naphthyridine and the adjacent oxygens of the 3,1-isomer.  The 
hydrogen bonding would leave only the two hydrogens farthest from the 3,1-isomers unbounded and 
may show in the 1H NMR spectrum as a shift in position. 
 
Figure 47: An ORTEP with 30% ellipsoid probability of 3,1-naphthyridine 
 
 In Figure 48, part of the crystal structure is shown along the a-axis.  When examining that view 
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there appears to be no significant π interaction or hydrogen bonding.  Figure 49 shows a b-axis view of 
the same crystal. Of note is the arrangement of the non-bonded sides relative to each other.  The non-
bonded sides form a rough sphere around which the phenyls are oriented.  The bulk of the phenyl rings 
likely causes them to repel one another in this arrangement, and as result, affected crystallization.  As 
previously noted the R1 value was higher for this crystal.  When looking at Figure 49 a potential reason 
for this becomes evident.  The empty space in the middle of the diagram is a void that could contain 
solvent or ligand molecules.  Any molecules in the void would contribute to the electron density map of 
the structure.  However, unless all the voids are populated with the same molecule in the identical 
orientation any molecule present would raise the electron density without providing a structural 
solution to account for it.  This problem is usually accounted for with the large number of scans 
collected with each crystal. 
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Figure 48: Packing diagram of 3,1-naphthyridine product along the a axis 
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Figure 49: Packing diagram of 3,1 naphthyridine product along the b axis 
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1H NMR study of  3,1-[Rh2{N(C6H5)COCH3}4]2(N2C8H6) 
 A 1H NMR study was undertaken to check for bridging between two dirhodium molecules in 
solution.  The study used a sample of the 3,1-isomer to which a half molar equivalent of 1,5-
naphthyridine was added.  The addition of 1,5-naphthyridine was repeated until 3.5 equivalents had 
been added.  Selected spectra from this study are shown below.  Shown above Figure 38, containing the 
spectrum of the 3,1-isomer. 
 The ligand used in this experiment was 1,5-naphthyridine.  A scheme for 1,5 naphthyridine is 
shown below in Figure 50 with proton labels included.  Due to the symmetry of this ligand, it produces 
three peaks.  Normally the protons should produce two sets of doublets and a triplet.  Instead this 
molecule produces two sets of doublets and a quartet as shown below in Figure 51.  The peaks, 
splitting, and positions are listed in Table 13.  Peak (q) is located farthest upfield due to the neighboring 
nitrogen.  Peak (r) is located between (s) and (q) on the spectrum.  Peak (s) has the most shielding and 
is located farthest downfield.  Peaks (r) and (s) were determined by the difference in splitting patterns, 
as either could have been downfield. 
 
 
Figure 50: 1,5-Naphthyridine with 1H NMR proton labels 
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Table 13: Proton identification of 1,5-Naphthyridine 
Proton Splitting Position (ppm) 
q Doublet 8.96  
r Doublet 8.37 
s Quartet 7.63 
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Figure 51: 1H NMR of 1,5-naphthyridine in CDCl3 
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 The 1H NMR spectrum of the 3,1-isomer with 0.5 equivalents of 1,5-maphthyridine is displayed 
in various ranges in Figures 3.39-3.41.  Notable features of this spectrum include the methyl region and 
the region of 6 ppm to 10 ppm.  The methyl region shown in Figure 53 shows four peaks.  The peak at 
1.63 ppm is water and the remaining three peaks are methyl peaks of the 3,1-naphthyridine adduct.  
The fact that there are only three methyl peaks, unlike the earlier spectrum of the 3,1-isomer and 0.5 
equivalent imidazole, points toward a bridging structure in which the ligand connects two molecules of 
the 3,1-isomer.  If there was no bridge, then six peaks should have been evident.  Moreover, the new 
methyl peaks have moved from 2.03, 1.87 and 1.84 ppm to 2.03, 1.95, and 1.86 ppm.  Furthermore, it 
was discussed earlier that the 1,5-naphthyridine may potentially hydrogen bond to the dirhodium 
structure through the phenyacetimide oxygens.  Peaks (b) and (c) are significantly broader than peak 
(a) which could indicate some hydrogen bonding is taking place, causing the methyl peaks to broaden 
and or disappear. 
 The Figure 54 shows the 1H NMR spectrum from 6.3 ppm to 10 ppm.  This region is notable for 
the presence of the three 1,5-naphthyridine peaks.  Upon closer inspection of the three peaks only one 
is readily identifiable.  The other two peaks are located in potential positions, but they are not obvious.  
The indentified peak is labeled as (s) and although (s) was previously located downfield.  Peaks (q) and 
(r) exist however, due to hydrogen bonding and shielding by the phenyl rings, they are very hard to 
find.  Thus, peak (s) makes the most sense to generate a noticeable peak.  The two hydrogen atoms that 
correspond to (q) and (r) may have potentially hydrogen bonded and would account for the missing 
peaks. 
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Figure 52: 1H NMR of 3,1-isomer plus 0.5 equivalents 1,5-naphthyridine in CDCl3 
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Figure 53: 1H NMR of 3,1-isomer plus 0.5 equivalents 1,5-naphthyridine in CDCl3  from 1.50 
to 2.40 ppm 
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Figure 54: 1H NMR of 3,1-isomer plus 0.5 equivalents of 1,5-naphthyridine in CDCl3 
from 6.30 to 9.8 ppm 
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 Shown below, in Figure 55, is the spectrum of the 3,1-isomer after two equivalents of 1,5-
naphthyridine were added.  Three peaks are now evident at 8.98, 8.43, and 7.64 ppm.  The three peaks 
now labeled (q), (r), and (s) are very close to the original positions for 1,5-naphthyridine.  Also two 
peaks have relative proton counts around six which would coincide with three molecules of 1,5-
naphthyridine to one molecule of 3,1-naphthyridine adduct.  Peak (q) is much larger than (r) or (s), 
having a proton count of 9.64.  The larger value for (q) stems from the peak overlaying the peak of the 
complexed 1,5-naphthyridine. 
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Figure 55: 1H NMR of 3,1-isomer plus 2.0 equivalents of 1,5-naphthyridine in CDCl3 
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Figure 56: 1H NMR of 3,1-isomer plus 2.0 equivalents of 1,5-naphthyridine in 
CDCl3 6.5 to 9.5 ppm 
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The spectra resulting from this experiment are shown in Figure 57 below.  The potential 1,5-
naphthyridine peaks before and after complexation are labeled in the 0.5 equivalent and 2.0 equivalents 
spectra.  Furthermore it can be seen that the methyl peaks change from three to two peaks.  This is 
because peaks (b) and (c) are so close that they overlap significantly making creating the appearance of 
one peak. 
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Figure 57: 1H NMR of 3,1-isomer plus increasing equivalents of 1,5-naphthyridine from 0.5 to 3.5 in CDCl3 
 
 124 
Elemental Analysis 
 Elemental analysis was completed by Robertson Microlit Laboratories using ICP-OES.  The 
sample was purified and then tested with NMR before being submitted.  The results of the analysis are 
listed below in Table 14.  The predicted and experimental values are within 1% and as such agree with 
the suggested bridging ligand structure. 
 
Table 14: Elemental Analysis Values for the 3,1-Naphthyridine Adduct 
 Rhodium Carbon Nitrogen Hydrogen 
Predicted 25.4% 53.5% 8.67% 4.37% 
Reported 24.72% 53.47% 8.23% 4.20% 
 
 
3,1-[Rh2{N(C6H5)COCH3}4]2(N2C10H8) 
 The 3,1-bipyridine product formed blue crystals and was solved using Patterson methods 
SHELX97.  The structure of the 3,1-bipyridine adduct was solved in a triclinic crystal system in a P-1 
space group.  The resulting comparison between suggest structure and the data produced an R1 value of 
0.073.  Despite the higher R1, the remaining structural factors are within expected ranges.  The residue 
electron density is less than 1 e Å−3, showing that it is unlikely that unaccounted for atoms remain.  The 
location of the density peak is 1.5 Ǻ from Rh1.  Again the distance is too far for a truncation error 
however the peak is relatively small and as such is unlikely to be the result of a poor structure.  The 
wR2 and goodness of fit are both within accepted limits and are listed in Table 15 below.  The most 
likely reason for the higher R1 was the low crystal quality.  The crystal that was used was retrieved 
from a vapor diffusion chamber in which all the solvent had evaporated.  Once a chamber is dry, it is 
possible that solvent molecules in the crystal lattice will evaporate and degrade the crystal.  The other 
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likely scenario is that because this structure contains solvent-accessible voids there may be some 
solvent in the lattice but not enough to define.  This nebulous electron density would raise the R1 value 
without being localized enough to solve. 
 As with the 1,5-naphthyridine ligand, 4,4-bipyridine has two sites that could react with the axial 
rhodium.  A suggested scheme for a dimer of dimers involving 4,4 bipyridine and the 3,1-isomer is 
shown below in Figure 58.  
 
 
Figure 58: Scheme of proposed 3,1-bipyridine product 
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Table 15: Crystallographic Data of 3,1-[Rh2{N(C6H5)COCH3}4(C5N2H5)] 
Crystal System Triclinic 
Space Group P-1 
Unit Cell Lengths a: 8.281(2)  
b: 12.757(4) 
c: 17.601 
Unit Cells Angles α: 108.918 
β: 96.790 
γ: 93.803 
Data Collection Temperature -50 ºC 
R1 0.073 
wR2 0.178 
Goodness of Fit 1.11 
Shift/Error 0.002 
Δρmax   0.75 e Å−3 
Δρmin  -0.92 e Å−3 
Parameters 433 
  
Figure 59 below contains an ORTEP of the 3,1-bipyridine adduct.  The proposed crystal 
solution contains a dimer of dimers.  This structure contains an inversion center in the middle.  
Similarly to the 3,1-naphthyridine adduct, the phenyl rings are on opposite sides of the ligand.  This 
over and under arrangment is a lower energy formation, because the two phenyl rings are not repelling 
each other as they would if they were on the same side of the axial ligand.   
Because the carbons in the 4,4-bipyridine are elongated in the vertical dimension.  An attempt 
was made to confirm that the ligand rings were a case of static disorder.  If they were disordered 
statically it would mean that the rings have one or two preferred arrangements instead of vibrating 
throughout the entire range.  To test for static disorder multiple atoms were generated sharing positions 
and occupancy.  The atoms were then split into group one and two meaning that the computer would 
treat them as though they did not affect one another.  Finally restraints were applied to make the rings 
127 
 
planar as they should be.  If this was a case of static disorder these steps would have resulted in two 
slightly different yet plausible orientations of the axial ligand.  The experiment resulted in misshapen 
rings.  It was therefore decided that the rings are dynamic disorder systems and that the elongation is 
due to large movement.  The axial ligand and phenyl rings appear to have possible π interactions 
similar to the previously reported structures. 
 128 
 
Figure 59: ORTEP with 30% ellipsoid probablitiy of 3,1-bipyridine 
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 Packing diagram along the a-axis in Figures 60 does not display evidence of intermolecular π 
stacking or hydrogen bonding.  This is assessed by comparing the position and orientation of potential 
interacting atoms.  No such interactions were noted upon closer examination of this structure.  
 
Figure 60: Packing diagram of 3,1-bipyridine product along the a axis 
 
 A separation of 3.3 Å is denoted in Figure 61.  The distance between phenyl ring and ligand is 
the smallest in this study.  Previous molecules have demonstrated interactions between the phenyl rings 
and ligand by examining the change in shift of the ligand protons.  Given the smaller distance of this 
molecule a notable interaction may be inferred.  
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Figure 61: A diagram of 3,1-bipyridine displaying intramolecular separation between phenyl ring and 
ligand 
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NMR of 3,1-[Rh2{N(C6H5)COCH3}4]2(N2C10H8) 
 NMR spectra were collected starting with 0.5 equivalents of 4,4-bipyridine.  Half molar 
equivalents were added until a total of 3.5 equivalents had been added.  4,4-bipyridine contains 2 
different types of protons labeled (u) and (t).  Peak (u) is downfield of (t) because (t) is adjacent to a 
nitrogen which is electron withdrawing.  The protons should normally produce two sets of doublets.  
However they display as multiplets.  The reason for the multiplet is probably because of slight 
differences in the shielding of the protons between the rings which results in different environments 
and allows for splitting.  The scheme of 4,4-bipryidine with NMR labels is shown below in Figure 62 
and the corresponding NMR is shown in Figure 63. 
 
 
 
Figure 62:  The scheme of 4,4-bipyridine with proton labels 
 
 
Table 16: Proton identification of 4,4-bipyridine 
Proton Splitting  Position (ppm) 
T Multiplet 8.69 
U Multiplet 7.48 
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Figure 63:  The 1H NMR spectrum of 4,4-bipyridine 
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 The 1H NMR spectrum in Figure 64 and Figure 65 is of the 3,1 isomer plus 0.5 equivalents of 
4,4-bipyridine.  Like 1,5-naphthyridine, 4,4-bipyridine contains two potential bonding sites and 
consequently can serve as a bridge between dirhodium molecules.  The crystal structure solution 
indicated that bridging had occurred, 1H NMR was used to confirm this solution. 
 After the addition of 0.5 equivalents of the ligand, it may be seen in Figure 64 that there are 
only 3 methyl peaks.  Previously, it was shown with the 3,1-imidazole sample that a half equivalent 
would result in more than three methyl signals, if bridging does not occur. 
 The ligand peaks are another point of interest.  The peaks original positions are at 8.69 ppm and 
7.48 ppm.  After being added to the 3,1 solution however the peaks have shifted to 8.89 ppm and 7.43 
ppm.  The shift of the positions indicates that bonding likely occurred.  Additional evidence of bonding 
comes from the phenyl protons of the 3,1-isomer.  The most obvious shift occurs with the protons 
labeled e.  The e protons’ original position is upfield of the CHCl3 peak, but, after 4,4-bipyridine is 
added, there are no 3,1-isomer protons upfield of the CHCl3 peak.  The downfield shift of the e protons 
is an indicator of an interaction between 3,1-isomer and ligand. 
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Figure 64: The 1H NMR spectrum of 3,1-isomer plus 0.5 equivalents of 4,4-bipyridine in CDCl3 
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Figure 65: The 1H NMR spectrum of 3,1-isomer plus 0.5 equivalents of 4,4-bipyridine 
in CDCl3 from 7.3 to 9.3 ppm 
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After one equivalent of ligand was added, there was little change in the methyl or phenyl 
protons.  The signals of the (b) and (c) methyl protons have started to overlap and shifted downfield 
just slightly.  This is likely due to interactions with the excess ligand such as hydrogen bonding with 
the methyl protons, as they are the least sterically hindered and thus easiest to approach. 
 The region where the ligand peaks are positioned now contains four peaks.  The appearance of 
two more peaks of similar integrations appears to indicate that bridging has already occurred and that 
addition ligand is just excess.  The two newer peaks at 8.76 ppm (t’) and 7.53 ppm (u’) are close to, but 
shifted from the recorded positions of uncomplexed ligand in Figure 63.  The shift in position may 
indicate bonding.  In previous models it was shown that pi shielding could significantly alter the 
chemical shift of a proton.  If the ligand was bound to the 3 side of the 3,1-isomer, it is expected that 
the change in shift would be significantly greater than 0.07 ppm and 0.05 ppm.  
 137 
 
Figure 66: The 1H NMR spectrum of 3,1-isomer plus 1 equivalent of 4,4 bipyridine in CDCl3 
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Figure 67: The 1H NMR spectrum of 3,1-isomer plus 1 equivalent of 4,4 bipyridine in 
CDCl3 from 7.3 to 9.6 ppm 
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In Figure 68 below, positions (u), (t), (u’), and (t’) represent the bound and unbound ligand 
peaks respectively.  Additional proof that (u’) and (t’) are unbound can be seen by their continued 
growth in size as excess ligand is added, pointing to the fact that they are the result of unbound ligand. 
 140 
 
Figure 68: The 1H NMR spectrum of the 3,1-isomer with increasing equivalents 
of 4,4-bipyrdine from 0.5 to 3.5 equivalents 
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Elemental Analysis 
 Elemental analysis of the 3,1 bipyridine adduct was completed by Robertson Microlit 
Laboratories. The analysis was accomplished with ICP-OES.  The results of the analysis are 
summarized in Table 17 below.  All values match closely with the exception of rhodium.  The 
difference in rhodium values is 8.2%.  The difference in the rhodium is high,but an ICP-OES needs to 
be calibrated several times per day.  If they are not calibrated, the error range is 5-8% putting this value 
within a reasonable range to agree with the crystal structure and the information presented in the 1H 
NMR. 
  
Table 17: Elemental Analysis Values of 3,1-[Rh2{N(C6H5)COCH3}4]2(N2C10H8) 
 Rhodium Carbon Nitrogen Hydrogen 
Predicted 25.1% 53.9% 8.3% 4.2% 
Reported 23.03% 53.91% 8.25% 4.27% 
 
 
Comparison of structural values  
 Measurements of bond lengths and angles can be used to give insight into the effects of bonding 
on a structure.  Additionally, bond lengths can be compared to give relative strengths with a short bond 
being rated as stronger than a long bond. 
 The Rh-Rh bond is a very stable bond, as noted by previous research.  The effects of ligands do 
not alter its length much.   The length of the Rh-Rh bond fluctuated between 2.4032 Å and 2.4287 Å as 
shown below in Table 18.  The larger Rh-Rh bond length of the 2,2-trans di-imidazole is due to the 
presence of two ligands which weaken the bond between rhodium atoms.  The fact that all mono 
adducts have similar Rh-Rh bond lengths is another indicator that the suggested structures are correct 
142 
 
and that no bonding is occurring on the three side. 
 Another value of significant interest is the rhodium ligand bond distance.  This distance was 
lowest in the 2,2-trans mono-imidazole at 2.125(2) Å, which would indicate the strongest bond.  On 
the far end of the spectrum, however, the3,1 naphthyridine had the longest bond at 2.264(6) Å.  The 
increased length of the 1.5-naphthyridine to 3,1-isomer bond indicates that this bond is weaker.  It is 
possible also that the increased distance is due to steric factors as the 1,5-naphthyridine is bulky and 
has to avoid the bridging ligands.   
 By comparison the 3,1 structures containing imidzole and 4,4-bipyridine have almost the same 
bond length at 2.138(5) Å and 2.136(9) Å.  Going on the basis of Rh-N bond length, it would appear 
that 4,4-bipyridine is the best choice of ligand for further study of the 3,1 structure.  The strong bond 
indicated by the short Rh-N distance would be more likely to withstand various research conditions.  
Futhermore because 4,4-bipyridine forms a bridge it would require less and allow for fewer interactions 
with the ligand once the adduct has formed.  The stable 3,1-bipyridine adduct additionally is insoluble 
in a number of solvents making it easy to extract. 
 
 
 
 
 
 
 
 
 
 
143 
 
Table 18: Selected Structural Features of Synthesized Dirhodium(II) Products 
 Rh-Rh (Å) Rh-Naxial (Å) Bridging Ligand 
Torsion Angle (º) 
Two Twists of axial 
ligand 
O-Rh-N-C 
2,2-trans 
monoimidazole 
2.4087(3) 2.125(2) -6.88 
-3.77 
-8.87 
-4.37 
12.42 side Rh1 
9.08 
2,2-trans  
di-imidazole 
2.4287(3) 2.237(2) 
2.226(2) 
12.13 
11.12 
12.82 
9.92 
-18.87 side Rh1 
-21.88 
26.42 side Rh2 
15.76 
3,1 Imidazole 2.4015(6) 2.138(5) 9.49 
6.30 
9.11 
11.55 
2.57 
6.89 
3,1 Naphthyridine 2.4027(8) 2.264(6) -10.99 
-13.65 
-12.50 
-10.84 
23.21 
31.61 
3,1 Bipyridine 2.403(2) 2.136(9) -5.97 
-7.08 
-8.64 
-6.59 
-1.62 
1.65 
 
 Bond angles of close to 180° were expected for these structures as there was no pressing reason 
for a significant bend.  With the two exceptions being the di-imidazole adduct and the naphthyridine 
adduct, all other structures were relatively close to 180°.  The increase in bond angle of the di-
imidazole adduct is likely caused by the weakend bond that results from multiple amines bonded to the 
dirhodium core.  This weakening created a long Rh-N bond and allowed more fluctuation in the bond 
angle.  By comparison the naphthyridine adduct has the longest bond length, and the increased angle 
again likely indicates steric interactions resulting in the ligand bending away from the structure as 
much as possible. 
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Table 19: Ligand Bend as Measured Rh-N-Centroid 
Structure Bend from Rh to centroid of ligand. 
2,2-trans mono-imidazole 177.09° 
2,2-trans di-imidazole 172.09° 
177.24° 
3,1 imidazole 175.54° 
3,1 naphthyridine 170.88° 
3,1 bipyridine 177.96° 
 
 
 
SB-51 (Molybdenum Cofactor) 
 SB-51 is a red crystal box shaped crystal with no notable defects.  This structure was solved 
using direct methods SHELX97.  The result was an R1 value of 0.0352 which demonstrates a high 
level of agreement between the structure and the x-ray data.  The main structure was uncomplicated 
with the exception of possible hydrogen bonding between N2 and C7 and indentifying the DMSO 
molecule bound to molybdenum.  In addition to the structure of interest there was an addition DMSO 
molecule in the lattice.  The DMSO molecule proved to be difficult to deal with, as it was disordered.  
The PART function was utilized to generate and solve two instances of DMSO, as it occupies a space in 
which it can have multiple confirmations.  However, the disorder did not resolve further and one full 
DMSO molecule could not successfully be identified.  The disorder of the DMSO molecule can be seen 
in the size of the ellipsoids.  In addition to being disordered the largest residual electron peak is located 
0.9 Ǻ from the sulfur in the disordered DMSO.  This is expected as the disorder produces potential 
atom peaks. 
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Figure 69: An ORTEP with 30% ellipsoid probablitiy of SB-51 
 
 A packing diagram of SB-51displays the area that unbound DMSO occupies in Figure 70.  The 
large voids around DMSO are created by the rigid structure of SB-51 and result in spaces in which 
DMSO had numerous conformations resulting in the problematic disorder.  The disordered DMSO 
affected the structure solution values however all parameters fell within acceptable ranges despite this 
problem. 
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Table 20: Crystallographic Data of [Rh2{N(C6H5)COCH3}4(C3N2H4)] 
Crystal System Monoclinic 
Space Group C2/c 
Unit Cell Lengths a: 22.877(13) 
b: 17.6106(10) 
c: 11.3228(8) 
Unit Cells Angles α: 90.000 
β: 92.129(7) 
γ: 90.000 
Data Collection Temperature -50 ºC 
R1 0.0352 
wR2 0.1014 
Goodness of Fit 1.076 
Shift/Error 0.001 
Δρmax   1.41 e Å−3 
Δ ρmin   -1.64 e Å−3 
Parameters 311 
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Figure 70: Packing diagram of SB-51 
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CHAPTER 4 
CONCLUSION 
 This research was intended to elucidate the structure of the new molybdenum cofactor SB-51, 
identifying ligands for tests on dirhodium acetate, and synthesizing potential catalysts. 
 With regards to SB-51 the proposed structure was counter indicated by the crystallographic 
data.  The identity of one ligand was found to be DMSO and not ethanol.  This decision was arrived at 
by careful consideration of structural evidence of bond lengths, angles, and the presences of additional 
atoms.  The additional information provided by this crystallographic study will contribute to further 
research. 
 Research of Rh2(NPhCOCH3)4 with different ligands yielded five new complexes, 3 potential 
catalysts, and information on various ligands.  The addition of which will contribute to ongoing studies 
of dirhodium(II) compounds.    
Of the five complexes the two 2,2-trans structures were synthesized to look at the effects of 
imidazole on Rh2(NPhCOCH3)4.  The behavior of the ligand modified 2,2-trans complexes was used to 
draw conclusions about the other ligands used.  The resulting two complexes provided several details.   
The di-imidazole adduct proved that imidazole did not deactivate the second axial site.  
However, when comparing the difference in Rh-Naxial bond lengths, it was noted that the addition of the 
second imidazoles lengthens Rh-Rh bond and one of the axial bonds.  The increase of the Rh-Rh bond 
indicates a weaking of the interaction due to the addition of electrons into antibonding orbitals.  
 A weaker second axial rhodium bond is not unexpected.  The increase in bond length may be 
due to the influence of the first axial ligand.  After bonding to the first axial site the imidazole causes a 
change in the molecular orbitals resulting the second axial ligand being unable to bond as closely.  
The 3,1-Rh2(NPhCOCH3)4 was crystallized after being reacted with imidazole.  The resulting 
structure had one axial imidazole.  The presence of one open axial site pointed to two possible 
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explanations.  The first possibility was that the three phenyl rings surrounding the axial site prevents 
the imidazole from bonding to the rhodium at that position.  The second option is that the first ligand 
deactivated the second site enough that the imidazole would not bind.  Given the results of the 2,2-
trans and imidazole study the deactivation of the second site was dismissed.  
   The main goal of this research was to synthesize mono substituted 3,1-isomer complexes with 
the most sterically hindered axial site being open and active for catalytic work.  This research goal was 
accomplished through the use of imidazole, 4,4-bipyridine and 1,5-naphthyridine.  All three molecules 
produced mono substituted 3,1-complexes with the most hindered site left open.  
 After determining that amines do not deactivate the second axial site the fact that no ligands 
were found on the three side points to the fact that three phenyls rings result in a significant barrier to 
interaction.  Previous research by the Eagle reaserch group has produced 3,1-isomer di-adducts with 
nitriles that are comparably long and skinny and can reach the hindered site, showing that it is possible.  
The fact that our selected ligands are too bulky to reach the second site is advantageous for 
future research as it means accidental attachment is unlikely even in the presence of a considerable 
excess.  This simplifies the synthesis of these three complexes for future studies. 
 Finally the two bridged dimer of dimer complexes in which the ligand formed an axial 
connection between two 3,1-Rh2(NPhCOCH3)4.  These bridged complexes use less ligand and could 
provide important groundwork for future studies.  The ligands could also serve as a testbed for 
modifications either between dirhodium molecules or something else.  The conjugated bonds resulting 
from the inclusion of an aromatic ring provide a mechanism for the dirhodium cores to affect each 
other through electron transfer.  The electron transfer may provide another means through which tuning 
of the catalyst can be achieved.    
 Future research aims would be to take the three 3,1-isomer products and perform a 
cyclopropanation study to see what affect the three phenyl rings and various ligands make on the 
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cis/trans selectivity.  If the cyclopropanation study produces useful results it might then be worth 
attempting similar molecules of naphthyridine and bipyridine to see if more 3,1-Rh2(NPhCOCH3)4  
molecules can be attached to a single ligand.  Finally the stability of the 3,1-isomer complexes would 
need to be studied so that further investigation into their use could be preformed. 
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APPENDICES 
Appendix A 
Experimental Details 2,2-trans-[Rh2{N(C6H5)COCH3}4(C3N2H4)] 
 
 
 
Crystal Data  
 
 
 
Empirical Formula C38H40N8O4Rh2 
 
Formula Weight 878.60 
 
Crystal Color, Habit red, chunk 
 
Crystal Dimensions 0.310 X 0.280 X 0.210 mm 
 
Crystal System triclinic 
 
Lattice Type Primitive 
 
Lattice Parameters a =  11.8863(6) Å 
 b =  12.6273(7) Å 
 c =  14.0264(9) Å 
 a =  81.474(6) o 
 b =  77.028(5) o 
 g =  70.214(5) o 
 V = 1924.4(2) Å3 
 
Space Group P-1 (#2) 
 
Z value 2 
 
Dcalc 1.516 g/cm3 
 
F000 892.00 
 
m(MoKa) 9.053 cm-1
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Intensity Measurements  
 
 
 
Diffractometer XtaLAB mini 
 
Radiation MoKa (l = 0.71075 Å) 
 graphite monochromated 
 
Voltage, Current 50kV, 12mA 
 
Temperature -50.0oC 
 
Detector Aperture 75 mm (diameter) 
 
Data Images 540 exposures 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
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Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.50o 
 
Detector Position 50.00 mm 
 
Pixel Size 0.146 mm 
 
2qmax 55.0o 
 
No. of Reflections Measured Total: 20426 
 Unique: 8818 (Rint = 0.0283) 
 
Corrections Lorentz-polarization 
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Structure Solution and Refinement  
 
 
 
Structure Solution Direct Methods (SHELX97) 
 
Refinement Full-matrix least-squares on F2 
 
Function Minimized S w (Fo2 - Fc2)2  
 
Least Squares Weights w = 1/ [ s2(Fo2) + (0.0284 . P)2  
  + 1.5795 .  P ] 
  where P = (Max(Fo2,0) + 2Fc2)/3 
 
2qmax cutoff 55.0o 
 
Anomalous Dispersion All non-hydrogen atoms 
 
No. Observations (All reflections) 8818 
 
No. Variables 477 
 
Reflection/Parameter Ratio 18.49 
 
Residuals: R1 (I>2.00s(I)) 0.0286 
 
Residuals: R (All reflections) 0.0360 
 
Residuals: wR2 (All reflections) 0.0711 
 
Goodness of Fit Indicator 1.023 
 
Max Shift/Error in Final Cycle 0.004 
 
Maximum peak in Final Diff. Map 0.66 e-/Å3 
 
Minimum peak in Final Diff. Map -0.52 e-/Å3 
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Table 1. Atomic coordinates and Biso/Beq 
 
atom    x    y    z  Beq 
Rh1     0.86451(2)  0.35528(2)  0.27377(2)  1.836(4) 
Rh2     1.06643(2)  0.22235(2)  0.23967(2)  1.910(4) 
O1      0.8633(2)  0.3053(2)  0.4194(1)  2.34(3) 
O2      0.8729(2)  0.4019(2)  0.1271(1)  2.30(3) 
O3      0.9905(2)  0.0983(2)  0.2447(2)  2.51(3) 
O4      1.1386(2)  0.3468(2)  0.2386(2)  2.40(3) 
N1      0.9489(2)  0.4686(2)  0.2884(2)  2.10(3) 
N2      0.8013(2)  0.2273(2)  0.2536(2)  2.15(4) 
N3      1.0588(2)  0.1879(2)  0.3874(2)  2.18(4) 
N4      1.0579(2)  0.2668(2)  0.0952(2)  2.30(4) 
N5      0.6878(2)  0.4751(2)  0.3031(2)  2.26(4) 
N6      0.5191(2)  0.6042(2)  0.2769(2)  3.76(5) 
N7      0.3338(3)  0.7568(3)  0.1853(2)  4.33(6) 
N8      0.1616(2)  0.8951(2)  0.1982(2)  3.26(5) 
C1      0.9588(2)  0.2359(2)  0.4491(2)  2.26(4) 
C2      0.9461(3)  0.2197(3)  0.5592(2)  2.99(5) 
C3      0.8756(3)  0.1247(2)  0.2445(2)  2.46(4) 
C4      0.8340(3)  0.0263(3)  0.2369(3)  3.54(6) 
C5      0.9666(2)  0.3478(2)  0.0666(2)  2.17(4) 
C6      0.9625(3)  0.3841(3) -0.0402(2)  2.99(5) 
C7      1.0679(2)  0.4421(2)  0.2690(2)  2.15(4) 
C8      1.1318(3)  0.5238(3)  0.2792(2)  2.86(5) 
C9      0.8772(2)  0.5720(2)  0.3318(2)  2.20(4) 
C10     0.8672(3)  0.5796(3)  0.4313(2)  2.67(5) 
C11     0.7975(3)  0.6788(3)  0.4741(2)  3.16(5) 
C12     0.7355(3)  0.7705(3)  0.4189(3)  3.46(6) 
C13     0.7426(3)  0.7625(3)  0.3202(3)  3.38(5) 
C14     0.8130(3)  0.6637(2)  0.2764(2)  2.72(5) 
C15     0.6808(2)  0.2536(2)  0.2354(2)  2.45(4) 
C16     0.5808(3)  0.2805(3)  0.3107(2)  3.25(5) 
C17     0.4649(3)  0.3059(3)  0.2898(3)  4.45(7) 
C18     0.4486(3)  0.3041(3)  0.1961(3)  4.90(8) 
C19     0.5476(3)  0.2796(3)  0.1220(3)  4.80(7) 
C20     1.1637(2)  0.1034(2)  0.4137(2)  2.26(4) 
C21     0.6639(3)  0.2549(3)  0.1409(3)  3.48(6) 
C22     1.1606(3)  0.0124(3)  0.4821(2)  3.08(5) 
C23     1.2674(3) -0.0721(3)  0.4972(3)  3.78(6) 
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Table 1. Atomic coordinates and Biso/Beq (continued) 
 
atom    x    y    z  Beq 
C24     1.3788(3) -0.0670(3)  0.4453(3)  3.91(6) 
C25     1.3837(3)  0.0226(3)  0.3771(3)  3.59(6) 
C26     1.1663(3)  0.2128(2)  0.0297(2)  2.52(4) 
C27     1.2772(3)  0.1069(3)  0.3607(2)  2.73(5) 
C28     1.1890(3)  0.1032(3)  0.0095(3)  4.09(6) 
C29     1.3012(4)  0.0447(3) -0.0454(3)  5.56(9) 
C30     1.3887(3)  0.0965(4) -0.0797(3)  5.56(9) 
C31     1.3658(3)  0.2064(4) -0.0605(3)  5.11(8) 
C32     1.2550(3)  0.2645(3) -0.0060(2)  3.83(6) 
C33     0.6209(3)  0.5138(3)  0.3914(2)  3.11(5) 
C34     0.5164(3)  0.5938(3)  0.3752(3)  3.91(6) 
C35     0.6239(3)  0.5315(3)  0.2358(2)  2.98(5) 
C36     0.2708(3)  0.8544(3)  0.2230(3)  3.90(6) 
C37     0.1534(3)  0.8210(3)  0.1419(3)  4.40(7) 
C38     0.2595(3)  0.7366(3)  0.1350(3)  4.29(7) 
 
Beq = 8/3 p2(U11(aa*)2 + U22(bb*)2 + U33(cc*)2 + 2U12(aa*bb*)cos g + 2U13(aa*cc*)cos b 
+ 2U23(bb*cc*)cos a) 
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Table 2. Anisotropic displacement parameters 
 
atom   U11   U22   U33   U12   U13   U23 
Rh1    0.01777(9) 0.02320(9) 0.02533(9) -0.00292(6) -0.00302(6) -0.00143(7) 
Rh2    0.01847(9) 0.02472(9) 0.02578(9) -0.00259(7) -0.00364(6) -0.00189(7) 
O1     0.0245(8) 0.0329(9) 0.0267(8) -0.0059(7) -0.0022(7)  0.0005(7) 
O2     0.0240(8) 0.0298(9) 0.0283(8) -0.0026(7) -0.0048(7) -0.0007(7) 
O3     0.0248(9) 0.0242(8) 0.044(1) -0.0030(7) -0.0082(7) -0.0043(7) 
O4     0.0227(8) 0.0310(9) 0.0358(9) -0.0082(7) -0.0020(7) -0.0037(7) 
N1     0.024(1) 0.026(1) 0.028(1) -0.0056(8) -0.0035(8) -0.0029(8) 
N2     0.021(1) 0.025(1) 0.034(1) -0.0063(8) -0.0046(8) -0.0019(8) 
N3     0.023(1) 0.031(1) 0.027(1) -0.0066(8) -0.0061(8)  0.0005(8) 
N4     0.026(1) 0.031(1) 0.025(1) -0.0043(8) -0.0015(8) -0.0034(8) 
N5     0.022(1) 0.026(1) 0.035(1) -0.0045(8) -0.0032(8) -0.0033(9) 
N6     0.027(2) 0.039(2) 0.060(2)  0.006(1) -0.004(1)  0.000(2) 
N7     0.035(2) 0.046(2) 0.066(2)  0.009(1) -0.008(2) -0.005(2) 
N8     0.032(2) 0.030(2) 0.053(2)  0.001(1) -0.007(1) -0.002(1) 
C1     0.028(2) 0.031(2) 0.027(2) -0.011(1) -0.0053(9)  0.001(1) 
C2     0.040(2) 0.044(2) 0.028(2) -0.013(2) -0.005(1)  0.000(1) 
C3     0.027(2) 0.028(2) 0.036(2) -0.006(1) -0.007(1) -0.002(1) 
C4     0.034(2) 0.030(2) 0.072(2) -0.008(1) -0.014(2) -0.005(2) 
C5     0.028(2) 0.026(2) 0.027(2) -0.0081(9) -0.0060(9)  -0.0008(9) 
C6     0.040(2) 0.041(2) 0.028(2) -0.006(2) -0.008(1)  -0.000(1) 
C7     0.028(2) 0.029(2) 0.024(1) -0.009(1) -0.0056(9)  0.0016(9) 
C8     0.030(2) 0.036(2) 0.044(2) -0.014(1) -0.005(1) -0.003(2) 
C9     0.025(2) 0.028(2) 0.032(2) -0.0112(9)  -0.0008(9) -0.006(1) 
C10    0.032(2) 0.037(2) 0.033(2) -0.012(1) -0.005(1) -0.003(1) 
C11    0.037(2) 0.050(2) 0.036(2) -0.015(2) -0.002(1) -0.014(2) 
C12    0.033(2) 0.039(2) 0.058(2) -0.006(2) -0.002(2) -0.023(2) 
C13    0.040(2) 0.030(2) 0.055(2) -0.006(2) -0.009(2) -0.003(2) 
C14    0.036(2) 0.034(2) 0.031(2) -0.009(1) -0.007(1)  0.000(1) 
C15    0.022(2) 0.027(2) 0.044(2) -0.0075(9) -0.007(1)  -0.001(1) 
C16    0.029(2) 0.039(2) 0.049(2) -0.010(1)  -0.001(2)  0.002(2) 
C17    0.025(2) 0.052(2) 0.081(3) -0.011(2)  0.004(2)  -0.000(2) 
C18    0.030(2) 0.063(3) 0.096(3) -0.012(2) -0.024(2) -0.004(2) 
C19    0.041(2) 0.072(3) 0.073(3) -0.010(2) -0.028(2) -0.013(2) 
C20    0.026(2) 0.030(2) 0.030(2) -0.005(1) -0.0120(9) -0.003(1) 
C21    0.031(2) 0.053(2) 0.049(2) -0.010(2) -0.010(2) -0.010(2) 
C22    0.032(2) 0.039(2) 0.046(2) -0.012(1) -0.012(2)  0.007(2) 
C23    0.042(2) 0.041(2) 0.055(2) -0.007(2) -0.018(2)  0.014(2) 
 
 
 
 
 
 
161 
 
Table 2. Anisotropic displacement parameters (continued) 
 
atom   U11   U22   U33   U12   U13   U23 
C24    0.034(2) 0.046(2) 0.061(2)  0.002(2) -0.023(2)  0.003(2) 
C25    0.026(2) 0.051(2) 0.054(2) -0.005(2) -0.007(2) -0.005(2) 
C26    0.029(2) 0.038(2) 0.023(1) -0.001(1) -0.0052(9) -0.004(1) 
C27    0.030(2) 0.037(2) 0.035(2) -0.009(1) -0.006(1) -0.002(1) 
C28    0.056(2) 0.042(2) 0.051(2) -0.009(2)  -0.001(2) -0.014(2) 
C29    0.077(3) 0.054(2) 0.060(3)  0.010(2) -0.006(2) -0.026(2) 
C30    0.041(2) 0.092(3) 0.050(2)  0.014(2)  0.001(2) -0.017(2) 
C31    0.035(2) 0.094(3) 0.054(2) -0.016(2)  0.004(2) -0.004(2) 
C32    0.037(2) 0.054(2) 0.049(2) -0.012(2)  0.001(2) -0.007(2) 
C33    0.031(2) 0.043(2) 0.037(2) -0.008(2)  0.004(1) -0.007(2) 
C34    0.035(2) 0.043(2) 0.054(2)  -0.000(2)  0.009(2) -0.009(2) 
C35    0.027(2) 0.036(2) 0.041(2)  -0.001(1) -0.006(1)  -0.001(2) 
C36    0.038(2) 0.049(2) 0.057(2) -0.003(2) -0.011(2) -0.011(2) 
C37    0.047(2) 0.044(2) 0.078(3) -0.007(2) -0.021(2) -0.013(2) 
C38    0.053(2) 0.035(2) 0.066(2) -0.005(2) -0.002(2) -0.011(2) 
 
 
The general temperature factor expression: exp(-2p2(a*2U11h2 + b*2U22k2 + c*2U33l2 + 
2a*b*U12hk + 2a*c*U13hl + 2b*c*U23kl)) 
 
Table 3. Fragment Analysis 
 
fragment: 1   
 Rh(1) Rh(2) O(1) O(2) O(3) 
 O(4) N(1) N(2) N(3) N(4) 
 N(5) N(6) C(1) C(2) C(3) 
 C(4) C(5) C(6) C(7) C(8) 
 C(9) C(10) C(11) C(12) C(13) 
 C(14) C(15) C(16) C(17) C(18) 
 C(19) C(20) C(21) C(22) C(23) 
 C(24) C(25) C(26) C(27) C(28) 
 C(29) C(30) C(31) C(32) C(33) 
 C(34) C(35) 
 
 
fragment: 2   
 N(7) N(8) C(36) C(37) C(38) 
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Table 4. Bond lengths (Å) 
 
atom atom distance  atom atom distance 
Rh1 Rh2 2.4087(3)  Rh1 O1 2.0447(16)  
Rh1 O2 2.0442(16)  Rh1 N1 2.061(3)  
Rh1 N2 2.076(3)  Rh1 N5 2.1246(17)  
Rh2 O3 2.043(2)  Rh2 O4 2.026(2)  
Rh2 N3 2.042(2)  Rh2 N4 2.037(2)  
O1 C1 1.289(3)  O2 C5 1.287(3)  
O3 C3 1.292(3)  O4 C7 1.282(3)  
N1 C7 1.312(3)  N1 C9 1.431(3)  
N2 C3 1.303(3)  N2 C15 1.430(4)  
N3 C1 1.317(3)  N3 C20 1.420(3)  
N4 C5 1.306(3)  N4 C26 1.425(3)  
N5 C33 1.372(4)  N5 C35 1.315(4)  
N6 C34 1.360(5)  N6 C35 1.337(3)  
N7 C36 1.322(4)  N7 C38 1.353(6)  
N8 C36 1.329(4)  N8 C37 1.351(5)  
C1 C2 1.507(4)  C3 C4 1.509(5)  
C5 C6 1.507(4)  C7 C8 1.511(5)  
C9 C10 1.389(4)  C9 C14 1.389(4)  
C10 C11 1.383(4)  C11 C12 1.377(4)  
C12 C13 1.385(5)  C13 C14 1.387(4)  
C15 C16 1.383(4)  C15 C21 1.382(5)  
C16 C17 1.393(5)  C17 C18 1.375(6)  
C18 C19 1.364(5)  C19 C21 1.387(5)  
C20 C22 1.389(4)  C20 C27 1.398(4)  
C22 C23 1.390(4)  C23 C24 1.377(5)  
C24 C25 1.377(5)  C25 C27 1.391(4)  
C26 C28 1.378(5)  C26 C32 1.385(5)  
C28 C29 1.399(5)  C29 C30 1.372(7)  
C30 C31 1.376(7)  C31 C32 1.385(4)  
C33 C34 1.350(4)  C37 C38 1.342(4)  
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Table 5. Bond lengths involving hydrogens (Å) 
 
atom atom distance  atom atom distance 
N6 H1 0.82(4)  N8 H8 0.85(4)  
C2 H2A 0.970  C2 H2B 0.970  
C2 H2C 0.970  C4 H4A 0.970  
C4 H4B 0.970  C4 H4C 0.970  
C6 H6A 0.970  C6 H6B 0.970  
C6 H6C 0.970  C8 H8A 0.970  
C8 H8B 0.970  C8 H8C 0.970  
C10 H10 0.940  C11 H11 0.940  
C12 H12 0.940  C13 H13 0.940  
C14 H14 0.940  C16 H16 0.940  
C17 H17 0.940  C18 H18 0.940  
C19 H19 0.940  C21 H21 0.940  
C22 H22 0.940  C23 H23 0.940  
C24 H24 0.940  C25 H25 0.940  
C27 H27 0.940  C28 H28 0.940  
C29 H29 0.940  C30 H30 0.940  
C31 H31 0.940  C32 H32 0.940  
C33 H33 0.940  C34 H34 0.940  
C35 H35 0.940  C36 H36 0.940  
C37 H37 0.940  C38 H38 0.940  
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Table 6. Bond angles (o) 
 
atom atom atom angle  atom atom atom angle 
Rh2 Rh1 O1 87.88(4)  Rh2 Rh1 O2 89.89(4) 
Rh2 Rh1 N1 85.96(5)  Rh2 Rh1 N2 86.87(5) 
Rh2 Rh1 N5 178.91(6)  O1 Rh1 O2 177.73(6) 
O1 Rh1 N1 87.89(8)  O1 Rh1 N2 92.53(8) 
O1 Rh1 N5 92.49(7)  O2 Rh1 N1 91.49(8) 
O2 Rh1 N2 87.81(8)  O2 Rh1 N5 89.73(7) 
N1 Rh1 N2 172.80(7)  N1 Rh1 N5 93.03(8) 
N2 Rh1 N5 94.13(8)  Rh1 Rh2 O3 88.81(4) 
Rh1 Rh2 O4 90.11(4)  Rh1 Rh2 N3 88.38(5) 
Rh1 Rh2 N4 86.26(5)  O3 Rh2 O4 178.31(7) 
O3 Rh2 N3 87.52(9)  O3 Rh2 N4 92.23(9) 
O4 Rh2 N3 91.15(9)  O4 Rh2 N4 89.00(9) 
N3 Rh2 N4 174.64(7)  Rh1 O1 C1 121.19(13) 
Rh1 O2 C5 118.47(14)  Rh2 O3 C3 119.90(15) 
Rh2 O4 C7 118.76(17)  Rh1 N1 C7 120.98(17) 
Rh1 N1 C9 119.11(16)  C7 N1 C9 119.5(3) 
Rh1 N2 C3 120.30(19)  Rh1 N2 C15 120.21(15) 
C3 N2 C15 118.9(3)  Rh2 N3 C1 120.20(16) 
Rh2 N3 C20 114.13(14)  C1 N3 C20 125.4(2) 
Rh2 N4 C5 122.21(15)  Rh2 N4 C26 113.97(15) 
C5 N4 C26 123.3(2)  Rh1 N5 C33 128.52(17) 
Rh1 N5 C35 124.84(16)  C33 N5 C35 106.55(19) 
C34 N6 C35 107.4(3)  C36 N7 C38 105.0(3) 
C36 N8 C37 107.5(3)  O1 C1 N3 122.0(2) 
O1 C1 C2 113.81(18)  N3 C1 C2 124.1(2) 
O3 C3 N2 122.5(3)  O3 C3 C4 114.5(2) 
N2 C3 C4 123.0(3)  O2 C5 N4 122.8(2) 
O2 C5 C6 114.90(19)  N4 C5 C6 122.29(19) 
O4 C7 N1 123.1(3)  O4 C7 C8 115.0(2) 
N1 C7 C8 121.9(2)  N1 C9 C10 119.9(2) 
N1 C9 C14 120.7(3)  C10 C9 C14 119.3(2) 
C9 C10 C11 120.4(3)  C10 C11 C12 120.4(3) 
C11 C12 C13 119.5(3)  C12 C13 C14 120.5(3) 
C9 C14 C13 119.9(3)  N2 C15 C16 120.9(3) 
N2 C15 C21 119.5(2)  C16 C15 C21 119.6(3) 
C15 C16 C17 119.1(3)  C16 C17 C18 121.2(3) 
C17 C18 C19 119.4(4)  C18 C19 C21 120.5(4) 
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Table 6. Bond angles (o) (continued) 
 
atom atom atom angle  atom atom atom angle 
N3 C20 C22 124.3(3)  N3 C20 C27 117.5(2) 
C22 C20 C27 118.0(2)  C15 C21 C19 120.3(3) 
C20 C22 C23 120.6(3)  C22 C23 C24 120.8(3) 
C23 C24 C25 119.3(3)  C24 C25 C27 120.3(3) 
N4 C26 C28 119.4(3)  N4 C26 C32 120.9(3) 
C28 C26 C32 119.3(3)  C20 C27 C25 120.9(3) 
C26 C28 C29 120.0(4)  C28 C29 C30 120.2(4) 
C29 C30 C31 119.9(3)  C30 C31 C32 120.1(4) 
C26 C32 C31 120.5(4)  N5 C33 C34 108.5(3) 
N6 C34 C33 107.0(3)  N5 C35 N6 110.6(3) 
N7 C36 N8 111.1(4)  N8 C37 C38 106.1(4) 
N7 C38 C37 110.3(4) 
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Table 7. Bond angles involving hydrogens (o) 
 
atom atom atom angle  atom atom atom angle 
C34 N6 H1 127(3)  C35 N6 H1 125(3) 
C36 N8 H8 125(3)  C37 N8 H8 128(3) 
C1 C2 H2A 109.5  C1 C2 H2B 109.5 
C1 C2 H2C 109.5  H2A C2 H2B 109.5 
H2A C2 H2C 109.5  H2B C2 H2C 109.5 
C3 C4 H4A 109.5  C3 C4 H4B 109.5 
C3 C4 H4C 109.5  H4A C4 H4B 109.5 
H4A C4 H4C 109.5  H4B C4 H4C 109.5 
C5 C6 H6A 109.5  C5 C6 H6B 109.5 
C5 C6 H6C 109.5  H6A C6 H6B 109.5 
H6A C6 H6C 109.5  H6B C6 H6C 109.5 
C7 C8 H8A 109.5  C7 C8 H8B 109.5 
C7 C8 H8C 109.5  H8A C8 H8B 109.5 
H8A C8 H8C 109.5  H8B C8 H8C 109.5 
C9 C10 H10 119.8  C11 C10 H10 119.8 
C10 C11 H11 119.8  C12 C11 H11 119.8 
C11 C12 H12 120.2  C13 C12 H12 120.2 
C12 C13 H13 119.7  C14 C13 H13 119.7 
C9 C14 H14 120.1  C13 C14 H14 120.1 
C15 C16 H16 120.5  C17 C16 H16 120.5 
C16 C17 H17 119.4  C18 C17 H17 119.4 
C17 C18 H18 120.3  C19 C18 H18 120.3 
C18 C19 H19 119.7  C21 C19 H19 119.7 
C15 C21 H21 119.9  C19 C21 H21 119.9 
C20 C22 H22 119.7  C23 C22 H22 119.7 
C22 C23 H23 119.6  C24 C23 H23 119.6 
C23 C24 H24 120.3  C25 C24 H24 120.3 
C24 C25 H25 119.8  C27 C25 H25 119.8 
C20 C27 H27 119.5  C25 C27 H27 119.6 
C26 C28 H28 120.0  C29 C28 H28 120.0 
C28 C29 H29 119.9  C30 C29 H29 119.9 
C29 C30 H30 120.0  C31 C30 H30 120.0 
C30 C31 H31 119.9  C32 C31 H31 119.9 
C26 C32 H32 119.8  C31 C32 H32 119.8 
N5 C33 H33 125.8  C34 C33 H33 125.8 
N6 C34 H34 126.5  C33 C34 H34 126.5 
N5 C35 H35 124.7  N6 C35 H35 124.7 
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Table 7. Bond angles involving hydrogens (o) (continued) 
 
atom atom atom angle  atom atom atom angle 
N7 C36 H36 124.5  N8 C36 H36 124.5 
N8 C37 H37 127.0  C38 C37 H37 127.0 
N7 C38 H38 124.8  C37 C38 H38 124.8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
168 
 
Table 8. Torsion Angles(o) 
 (Those having bond angles > 160 or < 20 degrees are excluded.) 
 
atom1 atom2 atom3 atom4    angle  atom1 atom2 atom3 atom4    angle 
Rh2 Rh1 O1 C1 5.63(14)   O1 Rh1 Rh2 O3 83.78(6)  
O1 Rh1 Rh2 O4 -94.91(6)   O1 Rh1 Rh2 N3 -3.77(6)  
O1 Rh1 Rh2 N4 176.10(6)   Rh2 Rh1 O2 C5 4.91(13)  
O2 Rh1 Rh2 O3 -96.68(6)   O2 Rh1 Rh2 O4 84.62(6)  
O2 Rh1 Rh2 N3 175.77(6)   O2 Rh1 Rh2 N4 -4.37(6)  
Rh2 Rh1 N1 C7 5.56(13)   Rh2 Rh1 N1 C9 -166.72(12)  
N1 Rh1 Rh2 O3 171.82(6)   N1 Rh1 Rh2 O4 -6.88(6)  
N1 Rh1 Rh2 N3 84.27(6)   N1 Rh1 Rh2 N4 -95.87(6)  
Rh2 Rh1 N2 C3 8.97(13)   Rh2 Rh1 N2 C15 -162.06(12)  
N2 Rh1 Rh2 O3 -8.87(6)   N2 Rh1 Rh2 O4 172.44(6)  
N2 Rh1 Rh2 N3 -96.42(6)   N2 Rh1 Rh2 N4 83.45(6)  
O1 Rh1 N1 C7 93.59(14)   O1 Rh1 N1 C9 -78.70(13)  
N1 Rh1 O1 C1 -80.40(15)   O1 Rh1 N2 C3 -78.77(14)  
O1 Rh1 N2 C15 110.20(12)   N2 Rh1 O1 C1 92.40(15)  
O1 Rh1 N5 C33 12.41(19)   O1 Rh1 N5 C35 -171.46(18)  
N5 Rh1 O1 C1 -173.34(15)   O2 Rh1 N1 C7 -84.23(14)  
O2 Rh1 N1 C9 103.49(13)   N1 Rh1 O2 C5 90.87(14)  
O2 Rh1 N2 C3 98.98(14)   O2 Rh1 N2 C15 -72.05(12)  
N2 Rh1 O2 C5 -81.96(14)   O2 Rh1 N5 C33 -167.09(18)  
O2 Rh1 N5 C35 9.04(18)   N5 Rh1 O2 C5 -176.11(15)  
N1 Rh1 N5 C33 -75.61(18)   N1 Rh1 N5 C35 100.52(18)  
N5 Rh1 N1 C7 -174.03(14)   N5 Rh1 N1 C9 13.69(13)  
N2 Rh1 N5 C33 105.12(18)   N2 Rh1 N5 C35 -78.74(18)  
N5 Rh1 N2 C3 -171.46(14)   N5 Rh1 N2 C15 17.52(13)  
Rh1 Rh2 O3 C3 12.27(12)   Rh1 Rh2 O4 C7 10.74(12)  
Rh1 Rh2 N3 C1 3.40(16)   Rh1 Rh2 N3 C20 178.17(14)  
Rh1 Rh2 N4 C5 5.48(17)   Rh1 Rh2 N4 C26 177.55(15)  
O3 Rh2 N3 C1 -85.48(16)   O3 Rh2 N3 C20 89.29(14)  
N3 Rh2 O3 C3 100.70(13)   O3 Rh2 N4 C5 94.14(18)  
O3 Rh2 N4 C26 -93.79(15)   N4 Rh2 O3 C3 -73.94(13)  
O4 Rh2 N3 C1 93.47(16)   O4 Rh2 N3 C20 -91.76(14)  
N3 Rh2 O4 C7 -77.65(12)   O4 Rh2 N4 C5 -84.69(18)  
O4 Rh2 N4 C26 87.37(15)   N4 Rh2 O4 C7 96.99(13)  
Rh1 O1 C1 N3 -4.6(4)   Rh1 O1 C1 C2 172.93(13)  
Rh1 O2 C5 N4 -2.1(4)   Rh1 O2 C5 C6 177.29(13)  
Rh2 O3 C3 N2 -8.7(3)   Rh2 O3 C3 C4 173.46(12)  
Rh2 O4 C7 N1 -9.4(3)   Rh2 O4 C7 C8 171.65(11)  
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Table 8. Torsion angles (o) (continued) 
 
atom1 atom2 atom3 atom4 angle  atom1 atom2 atom3 atom4 angle 
Rh1 N1 C7 O4 1.2(3)   Rh1 N1 C7 C8 -179.99(12)  
Rh1 N1 C9 C10 95.1(3)   Rh1 N1 C9 C14 -82.1(3)  
C7 N1 C9 C10 -77.3(3)   C7 N1 C9 C14 105.5(3)  
C9 N1 C7 O4 173.43(18)   C9 N1 C7 C8 -7.7(3)  
Rh1 N2 C3 O3 -2.1(3)   Rh1 N2 C3 C4 175.51(13)  
Rh1 N2 C15 C16 -76.3(3)   Rh1 N2 C15 C21 102.0(2)  
C3 N2 C15 C16 112.5(3)   C3 N2 C15 C21 -69.2(3)  
C15 N2 C3 O3 169.0(2)   C15 N2 C3 C4 -13.3(4)  
Rh2 N3 C1 O1 -0.0(4)   Rh2 N3 C1 C2 -177.32(16)  
Rh2 N3 C20 C22 -131.87(19)   Rh2 N3 C20 C27 42.0(3)  
C1 N3 C20 C22 42.6(5)   C1 N3 C20 C27 -143.5(3)  
C20 N3 C1 O1 -174.2(3)   C20 N3 C1 C2 8.5(5)  
Rh2 N4 C5 O2 -3.3(4)   Rh2 N4 C5 C6 177.38(16)  
Rh2 N4 C26 C28 79.2(3)   Rh2 N4 C26 C32 -94.0(2)  
C5 N4 C26 C28 -108.8(3)   C5 N4 C26 C32 77.9(4)  
C26 N4 C5 O2 -174.6(3)   C26 N4 C5 C6 6.1(5)  
Rh1 N5 C33 C34 176.79(15)   Rh1 N5 C35 N6 -177.06(15)  
C33 N5 C35 N6 -0.2(4)   C35 N5 C33 C34 0.1(4)  
C34 N6 C35 N5 0.3(4)   C35 N6 C34 C33 -0.2(4)  
C36 N7 C38 C37 0.3(4)   C38 N7 C36 N8 -0.1(4)  
C36 N8 C37 C38 0.3(4)   C37 N8 C36 N7 -0.1(4)  
N1 C9 C10 C11 -179.6(3)   N1 C9 C14 C13 179.0(3)  
C10 C9 C14 C13 1.8(4)   C14 C9 C10 C11 -2.3(4)  
C9 C10 C11 C12 1.2(5)   C10 C11 C12 C13 0.5(5)  
C11 C12 C13 C14 -1.0(5)   C12 C13 C14 C9 -0.2(5)  
N2 C15 C16 C17 179.8(2)   N2 C15 C21 C19 179.6(3)  
C16 C15 C21 C19 -2.1(5)   C21 C15 C16 C17 1.5(4)  
C15 C16 C17 C18 0.3(5)   C16 C17 C18 C19 -1.6(5)  
C17 C18 C19 C21 1.0(6)   C18 C19 C21 C15 0.8(6)  
N3 C20 C22 C23 174.1(3)   N3 C20 C27 C25 -175.2(3)  
C22 C20 C27 C25 -0.9(5)   C27 C20 C22 C23 0.2(5)  
C20 C22 C23 C24 0.6(5)   C22 C23 C24 C25 -0.7(6)  
C23 C24 C25 C27 0.0(6)   C24 C25 C27 C20 0.8(5)  
N4 C26 C28 C29 -172.6(3)   N4 C26 C32 C31 172.7(2)  
C28 C26 C32 C31 -0.6(4)   C32 C26 C28 C29 0.8(5)  
C26 C28 C29 C30 -0.3(5)   C28 C29 C30 C31 -0.3(6)  
C29 C30 C31 C32 0.5(6)   C30 C31 C32 C26 -0.0(5)  
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Table 8. Torsion angles (o) (continued) 
 
atom1 atom2 atom3 atom4 angle  atom1 atom2 atom3 atom4 angle 
N5 C33 C34 N6 0.1(4)   N8 C37 C38 N7 -0.3(4)  
 
 
Table 9. Possible hydrogen bonds 
 
Donor  H Acceptor  D...A D-H H...A   D-H...A 
 N6  H1   N7  2.806(4) 0.82 1.99(4)   173(4)   
 N8  H8   O31  2.741(3) 0.85 1.89(4)   173(4)   
 
 
 
Symmetry Operators: 
 
(1)  X-1,Y+1,Z 
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Table 10. Intramolecular contacts less than 3.60 Å 
 
atom atom distance  atom atom distance 
Rh2 C27 3.160(3)  Rh2 C28 3.557(4)  
O1 O3 3.562(3)  O1 C3 3.537(4)  
O1 C7 3.579(3)  O1 C9 3.454(3)  
O1 C10 3.508(4)  O1 C33 3.233(3)  
O2 C7 3.572(4)  O2 C15 3.395(4)  
O2 C21 3.529(4)  O2 C26 3.594(3)  
O2 C35 3.033(3)  O3 C1 3.455(4)  
O3 C15 3.559(3)  O3 C20 3.493(4)  
O4 C5 3.491(4)  O4 C9 3.570(3)  
O4 C26 3.495(4)  O4 C27 3.343(3)  
O4 C32 3.565(4)  N1 N3 3.524(3)  
N1 C1 3.413(3)  N1 C5 3.599(4)  
N2 N4 3.484(3)  N2 C5 3.402(3)  
N3 C7 3.413(3)  N4 C3 3.433(4)  
N4 C7 3.573(4)  N5 C9 3.024(4)  
N5 C14 3.148(4)  N5 C15 3.117(4)  
N5 C16 3.106(4)  C1 C22 3.076(4)  
C1 C27 3.582(3)  C2 C20 2.992(3)  
C2 C22 3.098(4)  C3 C16 3.380(4)  
C3 C21 3.047(4)  C4 C15 2.830(4)  
C4 C21 3.218(4)  C5 C28 3.381(4)  
C5 C32 3.194(4)  C6 C26 2.898(4)  
C6 C32 3.403(4)  C7 C10 3.134(3)  
C7 C14 3.350(3)  C8 C9 2.820(4)  
C8 C10 3.298(4)  C9 C12 2.782(4)  
C9 C33 3.273(4)  C10 C13 2.760(4)  
C10 C33 3.478(5)  C11 C14 2.768(4)  
C14 C33 3.430(5)  C14 C35 3.399(5)  
C15 C18 2.777(5)  C15 C35 3.343(4)  
C16 C19 2.765(5)  C16 C33 3.517(5)  
C16 C35 3.360(5)  C17 C21 2.743(4)  
C20 C24 2.804(4)  C22 C25 2.764(4)  
C23 C27 2.754(4)  C26 C30 2.778(4)  
C28 C31 2.762(6)  C29 C32 2.756(6)  
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Table 11. Intramolecular contacts less than 3.60 Å involving hydrogens 
 
atom atom distance  atom atom distance 
Rh1 H33 3.367  Rh1 H35 3.215  
Rh2 H27 2.803  Rh2 H28 3.540  
O1 H2A 3.100  O1 H2B 2.787  
O1 H2C 2.424  O1 H10 3.100  
O1 H16 3.547  O1 H33 2.842  
O2 H6A 3.082  O2 H6B 2.854  
O2 H6C 2.417  O2 H14 3.408  
O2 H21 3.226  O2 H35 2.565  
O3 H4A 2.501  O3 H4B 2.707  
O3 H4C 3.143  O3 H28 3.068  
O4 H8A 3.125  O4 H8B 2.470  
O4 H8C 2.762  O4 H27 2.573  
O4 H32 3.205  N1 H8A 2.569  
N1 H8B 3.178  N1 H8C 2.950  
N1 H10 2.605  N1 H14 2.625  
N2 H4A 3.145  N2 H4B 3.004  
N2 H4C 2.560  N2 H16 2.628  
N2 H21 2.590  N3 H2A 2.619  
N3 H2B 2.949  N3 H2C 3.212  
N3 H22 2.681  N3 H27 2.556  
N4 H6A 2.618  N4 H6B 2.858  
N4 H6C 3.213  N4 H28 2.587  
N4 H32 2.618  N5 H1 2.97(4)  
N5 H14 3.174  N5 H16 2.995  
N5 H34 3.118  N6 H33 3.087  
N7 H8 3.00(4)  N7 H37 3.119  
N8 H38 3.059  C1 H10 3.438  
C1 H22 2.898  C2 H22 2.692  
C3 H16 3.534  C3 H21 2.974  
C4 H21 3.205  C5 H21 3.445  
C5 H28 3.455  C5 H32 3.136  
C6 H32 3.351  C7 H10 3.100  
C7 H14 3.461  C8 H10 3.336  
C9 H8A 2.457  C9 H8C 3.174  
C9 H11 3.251  C9 H13 3.250  
C9 H33 3.318  C10 H8A 2.990  
C10 H8C 3.242  C10 H12 3.244  
 
 
 
 
 
 
173 
 
Table 11. Intramolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
C10 H14 3.248  C10 H33 3.170  
C11 H13 3.234  C11 H33 3.549  
C12 H10 3.241  C12 H14 3.254  
C13 H11 3.235  C14 H8A 2.956  
C14 H10 3.246  C14 H12 3.255  
C15 H4B 3.256  C15 H4C 2.442  
C15 H17 3.240  C15 H19 3.247  
C15 H35 3.296  C16 H4C 3.029  
C16 H18 3.259  C16 H21 3.239  
C17 H19 3.214  C18 H16 3.258  
C18 H21 3.233  C19 H17 3.211  
C20 H2A 2.698  C20 H2B 3.299  
C20 H23 3.258  C20 H25 3.271  
C21 H4B 3.242  C21 H4C 2.857  
C21 H16 3.242  C21 H18 3.239  
C21 H35 3.391  C22 H2A 2.741  
C22 H2B 3.037  C22 H24 3.255  
C22 H27 3.239  C23 H25 3.227  
C24 H22 3.249  C24 H27 3.244  
C25 H23 3.225  C26 H6A 2.659  
C26 H6B 3.091  C26 H29 3.251  
C26 H31 3.251  C27 H22 3.241  
C27 H24 3.251  C28 H6A 3.190  
C28 H30 3.252  C28 H32 3.233  
C29 H31 3.227  C30 H28 3.248  
C30 H32 3.239  C31 H29 3.228  
C32 H6A 3.268  C32 H6B 3.180  
C32 H28 3.235  C32 H30 3.242  
C33 H1 2.98(4)  C33 H16 3.117  
C33 H35 3.063  C34 H35 3.079  
C35 H14 3.153  C35 H16 3.549  
C35 H33 3.060  C35 H34 3.083  
C36 H37 3.072  C36 H38 3.030  
C37 H36 3.066  C38 H8 2.98(4)  
C38 H36 3.032  H1 H34 2.420  
H1 H35 2.349  H2A H22 2.528  
H2B H22 2.369  H2C H10 3.156  
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Table 11. Intramolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
H4B H21 3.000  H4C H16 3.361  
H4C H21 3.099  H6A H28 3.343  
H6A H32 3.464  H6B H32 2.926  
H6C H21 3.463  H8A H10 3.282  
H8A H14 3.226  H8C H10 3.066  
H8 H36 2.348  H8 H37 2.438  
H10 H11 2.318  H10 H33 3.340  
H11 H12 2.318  H12 H13 2.325  
H13 H14 2.324  H14 H35 3.239  
H16 H17 2.331  H16 H33 3.272  
H17 H18 2.311  H18 H19 2.305  
H19 H21 2.322  H22 H23 2.320  
H23 H24 2.316  H24 H25 2.320  
H25 H27 2.322  H28 H29 2.338  
H29 H30 2.312  H30 H31 2.316  
H31 H32 2.321  H33 H34 2.459  
H37 H38 2.444   
 
 
Table 12. Intermolecular contacts less than 3.60 Å 
 
atom atom distance  atom atom distance 
O3 N81 2.741(3)  O4 C182 3.463(4)  
N6 N7 2.806(4)  N7 N6 2.806(4)  
N8 O33 2.741(3)  N8 C283 3.485(4)  
C11 C204 3.566(5)  C11 C274 3.577(5)  
C18 O45 3.463(4)  C20 C114 3.566(5)  
C27 C114 3.577(5)  C28 N81 3.485(4)  
 
 
Symmetry Operators: 
 
(1)  X+1,Y-1,Z  (2)  X+1,Y,Z 
(3)  X-1,Y+1,Z  (4)  -X+2,-Y+1,-Z+1 
(5)  X-1,Y,Z 
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Appendix B 
Experimental Details 2,2-trans-[Rh2{N(C6H5)COCH3}4(C3N2H4)2] 
Crystal Data  
 
 
 
Empirical Formula C41H41N10O4Rh2 
 
Formula Weight 943.65 
 
Crystal Color, Habit red, chunk 
 
Crystal Dimensions 0.310 X 0.310 X 0.230 mm 
 
Crystal System monoclinic 
 
Lattice Type Primitive 
 
Lattice Parameters a =  21.0875(14) Å 
 b =  12.3294(5) Å 
 c =  18.0136(7) Å 
  = 109.685(8) o 
 V = 4409.8(4) Å3 
 
Space Group P21/c (#14) 
 
Z value 4 
 
Dcalc 1.421 g/cm3 
 
F000 1916.00 
 
(MoK) 7.969 cm-1 
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Intensity Measurements  
 
 
 
Diffractometer XtaLAB mini 
 
Radiation MoK ( = 0.71075 Å) 
 graphite monochromated 
 
Voltage, Current 50kV, 12mA 
 
Temperature -50.0oC 
 
Detector Aperture 75.0 mm (diameter) 
 
Data Images 540 exposures 
 
 oscillation Range (=54.0, =0.0) -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
 oscillation Range (=54.0, =120.0) -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
 oscillation Range (=54.0, =240.0) -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
 oscillation Range (=0.0, =0.0) -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
 oscillation Range (=0.0, =120.0) -60.0 - 120.0o 
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Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
 oscillation Range (=0.0, =240.0) -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
Detector Position 50.00 mm 
 
Pixel Size 0.146 mm 
 
2max 55.0o 
 
No. of Reflections Measured Total: 45493 
 Unique: 10108 (Rint = 0.0251) 
 
Corrections Lorentz-polarization 
  Absorption 
  (trans. factors: 0.690 - 0.833) 
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Structure Solution and Refinement  
 
 
 
Structure Solution Direct Methods (SHELXS97) 
 
Refinement Full-matrix least-squares on F2 
 
Function Minimized  w (Fo2 - Fc2)2  
 
Least Squares Weights w = 1/ [ 2(Fo2) + (0.0325 . P)2  
  + 2.5343 .  P ] 
  where P = (Max(Fo2,0) + 2Fc2)/3 
 
2max cutoff 55.0o 
 
Anomalous Dispersion All non-hydrogen atoms 
 
No. Observations (All reflections) 10108 
 
No. Variables 571 
 
Reflection/Parameter Ratio 17.70 
 
Residuals: R1 (I>2.00(I)) 0.0255 
 
Residuals: R (All reflections) 0.0300 
 
Residuals: wR2 (All reflections) 0.0671 
 
Goodness of Fit Indicator 1.056 
 
Max Shift/Error in Final Cycle 0.002 
 
Maximum peak in Final Diff. Map 0.56 e-/Å3 
 
Minimum peak in Final Diff. Map -0.63 e-/Å3 
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Table 1. Atomic coordinates and Biso/Beq and occupancy 
 
atom    x    y    z  Beq  occ 
Rh1     0.270472(7)  0.469310(11)  0.135414(8)  1.903(4)   1 
Rh2     0.254349(7)  0.434577(12) 0.260571(8)  1.955(4)   1 
O6      0.18932(7)  0.56275(11)  0.23925(8)  2.69(2)   1 
O8      0.20425(7)  0.34779(11)  0.08452(8)  2.46(2)   1 
O11     0.33460(7)  0.59277(11)  0.18741(8)  2.49(2)   1 
O12     0.31862(7)  0.30637(11)  0.27937(8)  2.67(2)   1 
N4      0.23975(8)  0.40216(14)  0.37593(9)  2.41(3)   1 
N5      0.28632(8)  0.49851(14)  0.02100(10)  2.58(3)   1 
N9      0.33465(8)  0.53920(13)  0.30869(10)  2.45(3)   1 
N13     0.17595(8)  0.33502(13)  0.19551(9)  2.26(3)   1 
N15     0.18794(8)  0.57212(13)  0.11217(10)  2.39(3)   1 
N16     0.35047(8)  0.36207(13)  0.17630(10)  2.42(3)   1 
N17     0.26886(11)  0.50614(18) -0.10561(12)  3.56(4)   1 
N18     0.27589(14) -0.1890(2)  0.17525(13)  4.94(5)   1 
N19     0.26178(18) -0.0156(3)  0.17911(18)  6.91(7)   1 
N32     0.22375(10)  0.31358(17)  0.47393(11)  3.06(3)   1 
C3      0.20171(13)  0.41750(19)  0.47637(13)  3.43(4)   1 
C7      0.40111(10)  0.36292(16)  0.13968(12)  2.48(3)   1 
C10     0.15234(10)  0.60556(17)  0.03289(12)  2.63(3)   1 
C14     0.13642(9)  0.28214(17)  0.23565(11)  2.42(3)   1 
C23     0.16397(10)  0.59761(17)  0.16842(12)  2.59(3)   1 
C24     0.33830(11)  0.55387(19)  0.00857(14)  3.31(4)   1 
C26     0.24538(11)  0.47197(17) -0.04939(12)  2.87(4)   1 
C27     0.35785(10)  0.30129(16)  0.23837(12)  2.63(3)   1 
C28     0.16553(9)  0.31264(16)  0.12148(11)  2.32(3)   1 
C29     0.24614(10)  0.30880(17)  0.41245(11)  2.63(3)   1 
C31     0.09033(11)  0.5599(2) -0.00920(14)  3.56(4)   1 
C34     0.10744(13)  0.1204(2)  0.29214(15)  4.02(5)   1 
C35     0.36319(11)  0.55033(18)  0.39258(13)  2.91(4)   1 
C36     0.09678(10)  0.3424(2)  0.26813(12)  3.05(4)   1 
C37     0.35914(10)  0.59621(16)  0.26347(12)  2.56(3)   1 
C38     0.39177(11)  0.30559(19)  0.07063(13)  3.20(4)   1 
C41     0.35362(14)  0.6438(2)  0.43014(15)  4.04(5)   1 
C42     0.50367(12)  0.4350(2)  0.12912(18)  4.18(5)   1 
C43     0.14169(11)  0.17095(19)  0.24781(13)  3.18(4)   1 
C45     0.06909(12)  0.1805(3)  0.32476(15)  4.30(5)   1 
C46     0.49296(13)  0.3810(2)  0.05974(17)  4.13(5)   1 
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Table 1. Atomic coordinates and Biso/Beq and occupancy (continued) 
 
atom    x    y    z  Beq  occ 
C47     0.32773(13)  0.5594(2) -0.06945(15)  3.85(5)   1 
C48     0.43760(13)  0.3155(2)  0.03084(15)  3.93(5)   1 
C49     0.05707(13)  0.5908(2) -0.08688(16)  4.56(6)   1 
C50     0.21204(12)  0.47052(18)  0.41631(14)  3.33(4)   1 
C51     0.10563(11)  0.2477(2)  0.07168(13)  3.25(4)   1 
C52     0.41313(13)  0.2179(2)  0.26658(16)  4.26(5)   1 
C54     0.06342(12)  0.2903(2)  0.31324(14)  3.98(5)   1 
C55     0.41880(16)  0.5703(3)  0.55508(15)  5.17(6)   1 
C56     0.25041(16) -0.1630(3)  0.23065(15)  4.98(6)   1 
C57     0.10514(12)  0.6741(2)  0.15538(16)  4.12(5)   1 
C63     0.24094(14) -0.0601(2)  0.23425(13)  3.81(5)   1 
C64     0.45781(11)  0.42655(19)  0.16927(15)  3.34(4)   1 
C65     0.18069(12)  0.67991(18) -0.00464(13)  3.31(4)   1 
C66     0.39835(13)  0.4658(2)  0.43761(14)  3.86(5)   1 
C67     0.41894(12)  0.6708(2)  0.29498(14)  3.83(5)   1 
C68     0.14760(15)  0.7085(2) -0.08249(15)  4.42(5)   1 
C69     0.08524(16)  0.6645(2) -0.12306(15)  4.99(6)   1 
C70     0.42623(15)  0.4758(3)  0.51899(16)  4.98(6)   1 
C71     0.38210(17)  0.6537(3)  0.51128(16)  5.20(6)   1 
C72     0.2836(2) -0.0954(3)  0.14094(19)  6.12(8)   1 
C80     0.0407(2) -0.0351(3)  0.0726(3)  7.83(12)   1 
C81    -0.0134(2)  0.0329(3)  0.0664(3)  7.30(10)   1 
C82     0.0543(2) -0.0666(3)  0.0084(4)  7.99(12)   1 
C91    -0.0282(4)  0.0649(5)  0.1265(5)  5.89(14)   1/2  
 
Beq = 8/3 
2(U11(aa*)
2 + U22(bb*)
2 + U33(cc*)
2 + 2U12(aa*bb*)cos  + 2U13(aa*cc*)cos  + 2U23(bb*cc*)cos )  
181 
 
Table 2. Atomic coordinates and Biso and occupancy involving hydrogen atoms 
 
atom    x    y    z  Biso  occ 
H3      0.18327  0.44577  0.51243  4.120   1 
H17     0.2518(12)  0.503(2) -0.1562(16)  3.4(5)   1 
H20     0.294(2) -0.266(4)  0.170(3)  11.1(13)   1 
H21     0.2663(15)  0.081(3)  0.1779(18)  6.0(7)   1 
H24     0.37516  0.58307  0.04791  3.972   1 
H26     0.20522  0.43425 -0.05891  3.446   1 
H29     0.26399  0.24680  0.39764  3.154   1 
H31     0.07109  0.50865  0.01460  4.277   1 
H32     0.2224(13)  0.265(2)  0.5032(15)  3.5(6)   1 
H34     0.11064  0.04571  0.29958  4.828   1 
H36     0.09243  0.41690  0.25994  3.657   1 
H38     0.35464  0.26023  0.05083  3.837   1 
H41     0.32793  0.70023  0.40074  4.846   1 
H42     0.54192  0.47775  0.14973  5.011   1 
H43     0.16821  0.13000  0.22625  3.822   1 
H45     0.04673  0.14665  0.35493  5.155   1 
H46     0.52302  0.38860  0.03235  4.953   1 
H47     0.35514  0.59292 -0.09366  4.616   1 
H48     0.43063  0.27746 -0.01580  4.720   1 
H49     0.01522  0.56106 -0.11444  5.473   1 
H50     0.20182  0.54313  0.40401  3.992   1 
H51A    0.06762  0.26285  0.08795  3.904   1 
H51B    0.11608  0.17179  0.07813  3.904   1 
H51C    0.09510  0.26729  0.01726  3.904   1 
H52A    0.41916  0.18246  0.22196  5.117   1 
H52B    0.40108  0.16513  0.29871  5.117   1 
H52C    0.45434  0.25295  0.29701  5.117   1 
H54     0.03719  0.33057  0.33561  4.778   1 
H55     0.43871  0.57775  0.60938  6.206   1 
H56     0.24040 -0.21351  0.26346  5.977   1 
H57A    0.10806  0.73169  0.12081  4.943   1 
H57B    0.10625  0.70400  0.20501  4.943   1 
H57C    0.06375  0.63517  0.13203  4.943   1 
H63     0.22322 -0.02435  0.26831  4.577   1 
H64     0.46549  0.46405  0.21629  4.008   1 
H65     0.22224  0.71081  0.02271  3.972   1 
H66     0.40350  0.40132  0.41341  4.636   1 
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Table 2. Atomic coordinates and Biso involving hydrogens/Beq and occupancy 
(continued) 
 
atom    x    y    z  Beq  occ 
H67A    0.44873  0.64291  0.34412  4.591   1 
H67B    0.40375  0.74174  0.30315  4.591   1 
H67C    0.44240  0.67512  0.25773  4.591   1 
H68     0.16736  0.75727 -0.10748  5.302   1 
H69     0.06251  0.68501 -0.17492  5.983   1 
H70     0.45000  0.41825  0.54901  5.974   1 
H71     0.37621  0.71725  0.53599  6.242   1 
H72     0.30036 -0.08672  0.09970  7.345   1 
H80     0.06779 -0.05918  0.12201  9.393   1 
H82     0.09115 -0.11104  0.01362  9.589   1 
H91A   -0.01175  0.13734  0.14029  7.071   1/2  
H91B   -0.00774  0.01730  0.17023  7.071   1/2  
H91C   -0.07621  0.06393  0.11392  7.071   1/2  
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Table 3. Anisotropic displacement parameters 
 
atom   U11   U22   U33   U12   U13   U23 
Rh1    0.02329(7) 0.02546(8) 0.02488(8)  0.00027(5)  0.00987(6)  0.00236(5) 
Rh2    0.02561(8) 0.02553(8) 0.02444(8) -0.00075(5)  0.01016(6)  0.00090(5) 
O6     0.0362(8) 0.0334(7) 0.0353(8)  0.0067(6)  0.0158(6)  0.0007(6) 
O8     0.0347(7) 0.0346(7) 0.0279(7) -0.0077(6)  0.0153(6) -0.0042(6) 
O11    0.0313(7) 0.0302(7) 0.0333(7) -0.0039(6)  0.0111(6)  0.0019(6) 
O12    0.0369(7) 0.0312(7) 0.0374(8)  0.0052(6)  0.0175(6)  0.0081(6) 
N4     0.0316(8) 0.0352(9) 0.0265(8) -0.0011(7)  0.0122(7)  0.0009(7) 
N5     0.0319(9) 0.0365(9) 0.0319(9)  0.0009(7)  0.0136(7)  0.0075(7) 
N9     0.0299(8) 0.0305(8) 0.0307(8) -0.0040(7)  0.0075(7)  -0.0000(7) 
N13    0.0277(8) 0.0314(8) 0.0293(8) -0.0051(6)  0.0130(7) -0.0018(7) 
N15    0.0267(8) 0.0310(8) 0.0325(9)  0.0044(6)  0.0093(7)  0.0042(7) 
N16    0.0285(8) 0.0308(8) 0.0346(9)  0.0056(7)  0.0134(7)  0.0041(7) 
N17    0.0570(13) 0.0518(12) 0.0323(10)  0.0031(10)  0.0229(9)  0.0086(9) 
N18    0.0911(18) 0.0487(13) 0.0416(12)  0.0183(12)  0.0144(12) -0.0054(10) 
N19    0.131(3) 0.0646(18) 0.0744(18)  0.0152(18)  0.0438(19) -0.0027(15) 
N32    0.0455(11) 0.0446(11) 0.0298(9)  0.0022(8)  0.0176(8)  0.0083(8) 
C3     0.0577(14) 0.0463(13) 0.0339(11)  0.0022(11)  0.0253(11) -0.0056(9) 
C7     0.0281(9) 0.0306(10) 0.0372(10)  0.0056(8)  0.0133(8)  0.0056(8) 
C10    0.0314(10) 0.0338(10) 0.0320(10)  0.0083(8)  0.0071(8)  0.0035(8) 
C14    0.0247(9) 0.0402(11) 0.0267(9) -0.0060(8)  0.0083(7)  -0.0002(8) 
C23    0.0291(10) 0.0328(10) 0.0372(11)  0.0045(8)  0.0120(8)  0.0029(8) 
C24    0.0343(11) 0.0465(13) 0.0451(12) -0.0032(9)  0.0137(10)  0.0127(10) 
C26    0.0413(12) 0.0372(11) 0.0340(11) -0.0018(9)  0.0170(9)  0.0038(8) 
C27    0.0331(10) 0.0296(10) 0.0384(11)  0.0048(8)  0.0137(9)  0.0037(8) 
C28    0.0301(9) 0.0294(10) 0.0311(10) -0.0022(8)  0.0133(8) -0.0016(8) 
C29    0.0343(10) 0.0375(11) 0.0296(10)  0.0026(8)  0.0127(8)  0.0021(8) 
C31    0.0349(11) 0.0468(13) 0.0483(13)  0.0041(10)  0.0069(10)  -0.0003(10) 
C34    0.0505(14) 0.0524(15) 0.0508(14) -0.0131(11)  0.0181(12)  0.0115(11) 
C35    0.0340(11) 0.0392(11) 0.0340(11) -0.0088(9)  0.0072(9) -0.0013(9) 
C36    0.0303(10) 0.0496(13) 0.0362(11)  0.0012(9)  0.0115(9)  0.0008(9) 
C37    0.0293(10) 0.0277(10) 0.0378(11) -0.0023(8)  0.0083(8)  0.0001(8) 
C38    0.0369(11) 0.0429(12) 0.0442(12)  -0.0006(9)  0.0170(10) -0.0029(10) 
C41    0.0645(16) 0.0427(13) 0.0422(13) -0.0024(12)  0.0127(12) -0.0030(10) 
C42    0.0334(12) 0.0477(14) 0.0814(19) -0.0036(10)  0.0245(13)  0.0015(13) 
C43    0.0417(12) 0.0417(12) 0.0409(12) -0.0042(9)  0.0182(10)  0.0023(9) 
C45    0.0418(13) 0.0787(19) 0.0469(14) -0.0147(13)  0.0205(11)  0.0131(13) 
C46    0.0469(14) 0.0523(15) 0.0723(17)  0.0095(11)  0.0394(13)  0.0133(13) 
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Table 3. Anisotropic displacement parameters (continued) 
 
atom   U11   U22   U33   U12   U13   U23 
C47    0.0464(13) 0.0569(15) 0.0513(14)  0.0003(11)  0.0277(12)  0.0183(12) 
C48    0.0537(14) 0.0567(15) 0.0472(13)  0.0088(12)  0.0277(12)  -0.0006(11) 
C49    0.0440(14) 0.0632(17) 0.0485(14)  0.0117(12) -0.0075(11) -0.0049(13) 
C50    0.0562(14) 0.0333(11) 0.0422(12)  0.0021(10)  0.0236(11) -0.0020(9) 
C51    0.0396(11) 0.0499(13) 0.0368(11) -0.0158(10)  0.0164(9) -0.0116(10) 
C52    0.0552(15) 0.0521(15) 0.0616(16)  0.0243(12)  0.0286(13)  0.0221(12) 
C54    0.0349(12) 0.0799(19) 0.0426(13)  0.0010(12)  0.0211(10) -0.0013(12) 
C55    0.077(2) 0.077(2) 0.0323(13) -0.0233(16)  0.0050(13) -0.0044(13) 
C56    0.091(2) 0.0586(17) 0.0378(13)  0.0016(15)  0.0193(14)  0.0010(12) 
C57    0.0475(13) 0.0585(16) 0.0557(15)  0.0245(12)  0.0242(12)  0.0079(12) 
C63    0.0795(18) 0.0427(13) 0.0283(11)  0.0124(12)  0.0254(12) -0.0038(9) 
C64    0.0336(11) 0.0418(12) 0.0515(13)  0.0003(9)  0.0143(10) -0.0048(10) 
C65    0.0473(13) 0.0352(11) 0.0395(12)  0.0036(9)  0.0096(10)  0.0046(9) 
C66    0.0484(14) 0.0469(14) 0.0415(13)  0.0012(11)  0.0020(11)  0.0019(10) 
C67    0.0455(13) 0.0508(14) 0.0462(13) -0.0212(11)  0.0118(11) -0.0037(11) 
C68    0.0808(19) 0.0431(14) 0.0422(13)  0.0108(13)  0.0183(13)  0.0125(11) 
C69    0.0765(19) 0.0582(17) 0.0380(13)  0.0212(15) -0.0028(13)  0.0056(12) 
C70    0.0652(18) 0.0675(19) 0.0407(14) -0.0018(14) -0.0029(13)  0.0092(13) 
C71    0.095(2) 0.0581(17) 0.0432(14) -0.0144(16)  0.0219(15) -0.0151(13) 
C72    0.122(3) 0.068(2) 0.0620(19)  0.021(2)  0.056(2)  0.0028(15) 
C80    0.067(2) 0.062(2) 0.166(5) -0.0070(17)  0.035(3)  0.037(3) 
C81    0.076(2) 0.056(2) 0.153(4) -0.0160(18)  0.047(3)  0.020(2) 
C82    0.067(2) 0.064(2) 0.177(5) -0.0033(18)  0.048(3)  0.034(3) 
C91    0.070(4) 0.054(4) 0.101(5) -0.006(3)  0.029(4) -0.009(3) 
 
 
The general temperature factor expression: exp(-22(a*2U11h2 + b*2U22k2 + c*2U33l2 
+ 2a*b*U12hk + 2a*c*U13hl + 2b*c*U23kl))  
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Table 4. Fragment Analysis 
 
 
 
fragment: 1   
 Rh(1) Rh(2) O(6) O(8) O(11) 
 O(12) N(4) N(5) N(9) N(13) 
 N(15) N(16) N(17) N(32) C(3) 
 C(7) C(10) C(14) C(23) C(24) 
 C(26) C(27) C(28) C(29) C(31) 
 C(34) C(35) C(36) C(37) C(38) 
 C(41) C(42) C(43) C(45) C(46) 
 C(47) C(48) C(49) C(50) C(51) 
 C(52) C(54) C(55) C(57) C(64) 
 C(65) C(66) C(67) C(68) C(69) 
 C(70) C(71) 
 
 
fragment: 2   
 N(18) N(19) C(56) C(63) C(72) 
 
 
fragment: 3   
 C(80) C(81) C(82) C(91) 
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Table 5. Bond lengths (Å) 
 
atom atom distance  atom atom distance 
Rh1 Rh2 2.4286(2)  Rh1 O8 2.0428(13)  
Rh1 O11 2.0420(13)  Rh1 N5 2.226(2)  
Rh1 N15 2.0785(16)  Rh1 N16 2.0735(16)  
Rh2 O6 2.0422(14)  Rh2 O12 2.0349(14)  
Rh2 N4 2.2369(18)  Rh2 N9 2.0722(15)  
Rh2 N13 2.0756(15)  O6 C23 1.280(2)  
O8 C28 1.290(3)  O11 C37 1.292(2)  
O12 C27 1.283(3)  N4 C29 1.310(3)  
N4 C50 1.366(3)  N5 C24 1.372(3)  
N5 C26 1.313(2)  N9 C35 1.432(3)  
N9 C37 1.307(3)  N13 C14 1.431(3)  
N13 C28 1.306(3)  N15 C10 1.432(2)  
N15 C23 1.314(3)  N16 C7 1.432(3)  
N16 C27 1.311(3)  N17 C26 1.336(4)  
N17 C47 1.361(3)  N18 C56 1.322(4)  
N18 C72 1.345(4)  N19 C63 1.332(5)  
N19 C72 1.366(5)  N32 C3 1.369(3)  
N32 C29 1.344(3)  C3 C50 1.343(4)  
C7 C38 1.386(3)  C7 C64 1.378(3)  
C10 C31 1.391(3)  C10 C65 1.388(3)  
C14 C36 1.386(3)  C14 C43 1.387(3)  
C23 C57 1.512(3)  C24 C47 1.349(4)  
C27 C52 1.509(3)  C28 C51 1.509(3)  
C31 C49 1.391(3)  C34 C43 1.391(4)  
C34 C45 1.367(4)  C35 C41 1.385(4)  
C35 C66 1.375(3)  C36 C54 1.397(4)  
C37 C67 1.508(3)  C38 C48 1.389(4)  
C41 C71 1.386(4)  C42 C46 1.366(4)  
C42 C64 1.393(4)  C45 C54 1.368(4)  
C46 C48 1.369(4)  C49 C69 1.365(5)  
C55 C70 1.368(4)  C55 C71 1.366(4)  
C56 C63 1.290(4)  C65 C68 1.385(3)  
C66 C70 1.389(4)  C68 C69 1.382(4)  
C80 C81 1.389(6)  C80 C82 1.340(9)  
C81 C821 1.395(7)  C81 C91 1.287(11)  
 
 
Symmetry Operators: 
 
(1)  -X,-Y,-Z 
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Table 6. Bond lengths involving hydrogens (Å) 
 
atom atom distance  atom atom distance 
N17 H17 0.86(3)  N18 H20 1.05(5)  
N19 H21 1.19(3)  N32 H32 0.80(3)  
C3 H3 0.930  C24 H24 0.930  
C26 H26 0.930  C29 H29 0.930  
C31 H31 0.930  C34 H34 0.930  
C36 H36 0.930  C38 H38 0.930  
C41 H41 0.930  C42 H42 0.930  
C43 H43 0.930  C45 H45 0.930  
C46 H46 0.930  C47 H47 0.930  
C48 H48 0.930  C49 H49 0.930  
C50 H50 0.930  C51 H51A 0.960  
C51 H51B 0.960  C51 H51C 0.960  
C52 H52A 0.960  C52 H52B 0.960  
C52 H52C 0.960  C54 H54 0.930  
C55 H55 0.930  C56 H56 0.930  
C57 H57A 0.960  C57 H57B 0.960  
C57 H57C 0.960  C63 H63 0.930  
C64 H64 0.930  C65 H65 0.930  
C66 H66 0.930  C67 H67A 0.960  
C67 H67B 0.960  C67 H67C 0.960  
C68 H68 0.930  C69 H69 0.930  
C70 H70 0.930  C71 H71 0.930  
C72 H72 0.930  C80 H80 0.930  
C82 H82 0.930  C91 H91A 0.960  
C91 H91B 0.960  C91 H91C 0.960  
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Table 7. Bond angles (o) 
 
atom atom atom angle  atom atom atom angle 
Rh2 Rh1 O8 89.94(4)  Rh2 Rh1 O11 89.07(4) 
Rh2 Rh1 N5 179.00(4)  Rh2 Rh1 N15 85.70(5) 
Rh2 Rh1 N16 84.80(5)  O8 Rh1 O11 178.34(6) 
O8 Rh1 N5 89.78(6)  O8 Rh1 N15 87.56(6) 
O8 Rh1 N16 92.47(6)  O11 Rh1 N5 91.22(6) 
O11 Rh1 N15 91.03(6)  O11 Rh1 N16 88.77(6) 
N5 Rh1 N15 95.25(7)  N5 Rh1 N16 94.25(7) 
N15 Rh1 N16 170.50(8)  Rh1 Rh2 O6 89.09(4) 
Rh1 Rh2 O12 89.87(5)  Rh1 Rh2 N4 179.81(4) 
Rh1 Rh2 N9 85.89(5)  Rh1 Rh2 N13 85.07(5) 
O6 Rh2 O12 178.81(6)  O6 Rh2 N4 91.10(6) 
O6 Rh2 N9 89.96(6)  O6 Rh2 N13 89.70(6) 
O12 Rh2 N4 89.94(6)  O12 Rh2 N9 90.53(6) 
O12 Rh2 N13 89.64(6)  N4 Rh2 N9 94.10(7) 
N4 Rh2 N13 94.94(6)  N9 Rh2 N13 170.96(7) 
Rh2 O6 C23 118.41(14)  Rh1 O8 C28 118.08(12) 
Rh1 O11 C37 118.54(13)  Rh2 O12 C27 117.69(12) 
Rh2 N4 C29 126.90(15)  Rh2 N4 C50 126.99(14) 
C29 N4 C50 105.35(19)  Rh1 N5 C24 127.52(13) 
Rh1 N5 C26 126.81(16)  C24 N5 C26 105.5(2) 
Rh2 N9 C35 119.65(15)  Rh2 N9 C37 120.86(13) 
C35 N9 C37 119.49(17)  Rh2 N13 C14 118.21(12) 
Rh2 N13 C28 121.98(15)  C14 N13 C28 119.56(16) 
Rh1 N15 C10 119.91(15)  Rh1 N15 C23 120.27(13) 
C10 N15 C23 119.45(17)  Rh1 N16 C7 118.39(12) 
Rh1 N16 C27 121.07(16)  C7 N16 C27 120.29(17) 
C26 N17 C47 107.5(2)  C56 N18 C72 106.4(3) 
C63 N19 C72 109.3(3)  C3 N32 C29 106.6(2) 
N32 C3 C50 106.3(2)  N16 C7 C38 120.48(18) 
N16 C7 C64 120.7(2)  C38 C7 C64 118.7(2) 
N15 C10 C31 120.5(2)  N15 C10 C65 120.58(17) 
C31 C10 C65 118.81(19)  N13 C14 C36 120.37(19) 
N13 C14 C43 120.0(2)  C36 C14 C43 119.4(2) 
O6 C23 N15 123.26(19)  O6 C23 C57 114.2(2) 
N15 C23 C57 122.54(19)  N5 C24 C47 109.55(19) 
N5 C26 N17 111.3(2)  O12 C27 N16 123.29(18) 
O12 C27 C52 114.5(2)  N16 C27 C52 122.2(2) 
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Table 7. Bond angles (o) (continued) 
 
atom atom atom angle  atom atom atom angle 
O8 C28 N13 122.55(16)  O8 C28 C51 114.83(18) 
N13 C28 C51 122.6(2)  N4 C29 N32 111.7(2) 
C10 C31 C49 120.0(2)  C43 C34 C45 120.0(3) 
N9 C35 C41 121.10(19)  N9 C35 C66 120.1(2) 
C41 C35 C66 118.8(2)  C14 C36 C54 119.5(2) 
O11 C37 N9 122.83(17)  O11 C37 C67 113.9(2) 
N9 C37 C67 123.30(18)  C7 C38 C48 120.3(2) 
C35 C41 C71 120.4(2)  C46 C42 C64 120.6(2) 
C14 C43 C34 120.3(2)  C34 C45 C54 120.3(3) 
C42 C46 C48 119.5(3)  N17 C47 C24 106.1(2) 
C38 C48 C46 120.5(3)  C31 C49 C69 120.7(2) 
N4 C50 C3 110.1(2)  C36 C54 C45 120.5(3) 
C70 C55 C71 120.0(2)  N18 C56 C63 112.7(3) 
N19 C63 C56 105.8(3)  C7 C64 C42 120.3(2) 
C10 C65 C68 120.5(2)  C35 C66 C70 120.5(2) 
C65 C68 C69 120.1(3)  C49 C69 C68 119.9(2) 
C55 C70 C66 120.1(3)  C41 C71 C55 120.2(3) 
N18 C72 N19 105.9(3)  C81 C80 C82 120.9(5) 
C80 C81 C821 118.8(5)  C80 C81 C91 122.9(5) 
C821 C81 C91 118.3(5)  C80 C82 C811 120.3(4) 
 
 
Symmetry Operators: 
 
(1)  -X,-Y,-Z 
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Table 8. Bond angles involving hydrogens (o) 
 
atom atom atom angle  atom atom atom angle 
C26 N17 H17 131.2(19)  C47 N17 H17 121.2(19) 
C56 N18 H20 123(3)  C72 N18 H20 129(3) 
C63 N19 H21 118.2(18)  C72 N19 H21 131.7(18) 
C3 N32 H32 126(2)  C29 N32 H32 127(2) 
N32 C3 H3 126.8  C50 C3 H3 126.8 
N5 C24 H24 125.2  C47 C24 H24 125.2 
N5 C26 H26 124.4  N17 C26 H26 124.4 
N4 C29 H29 124.1  N32 C29 H29 124.1 
C10 C31 H31 120.0  C49 C31 H31 120.0 
C43 C34 H34 120.0  C45 C34 H34 120.0 
C14 C36 H36 120.2  C54 C36 H36 120.3 
C7 C38 H38 119.8  C48 C38 H38 119.8 
C35 C41 H41 119.8  C71 C41 H41 119.8 
C46 C42 H42 119.7  C64 C42 H42 119.7 
C14 C43 H43 119.9  C34 C43 H43 119.9 
C34 C45 H45 119.8  C54 C45 H45 119.8 
C42 C46 H46 120.3  C48 C46 H46 120.3 
N17 C47 H47 126.9  C24 C47 H47 126.9 
C38 C48 H48 119.7  C46 C48 H48 119.7 
C31 C49 H49 119.7  C69 C49 H49 119.7 
N4 C50 H50 125.0  C3 C50 H50 125.0 
C28 C51 H51A 109.5  C28 C51 H51B 109.5 
C28 C51 H51C 109.5  H51A C51 H51B 109.5 
H51A C51 H51C 109.5  H51B C51 H51C 109.5 
C27 C52 H52A 109.5  C27 C52 H52B 109.5 
C27 C52 H52C 109.5  H52A C52 H52B 109.5 
H52A C52 H52C 109.5  H52B C52 H52C 109.5 
C36 C54 H54 119.8  C45 C54 H54 119.8 
C70 C55 H55 120.0  C71 C55 H55 120.0 
N18 C56 H56 123.7  C63 C56 H56 123.7 
C23 C57 H57A 109.5  C23 C57 H57B 109.5 
C23 C57 H57C 109.5  H57A C57 H57B 109.5 
H57A C57 H57C 109.5  H57B C57 H57C 109.5 
N19 C63 H63 127.1  C56 C63 H63 127.1 
C7 C64 H64 119.8  C42 C64 H64 119.8 
C10 C65 H65 119.7  C68 C65 H65 119.7 
C35 C66 H66 119.8  C70 C66 H66 119.8 
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Table 8. Bond angles involving hydrogens (o) (continued) 
 
atom atom atom angle  atom atom atom angle 
C37 C67 H67A 109.5  C37 C67 H67B 109.5 
C37 C67 H67C 109.5  H67A C67 H67B 109.5 
H67A C67 H67C 109.5  H67B C67 H67C 109.5 
C65 C68 H68 120.0  C69 C68 H68 120.0 
C49 C69 H69 120.1  C68 C69 H69 120.1 
C55 C70 H70 119.9  C66 C70 H70 119.9 
C41 C71 H71 119.9  C55 C71 H71 119.9 
N18 C72 H72 127.1  N19 C72 H72 127.1 
C81 C80 H80 119.5  C82 C80 H80 119.5 
C80 C82 H82 119.8  C811 C82 H82 119.9 
C81 C91 H91A 109.5  C81 C91 H91B 109.5 
C81 C91 H91C 109.5  H91A C91 H91B 109.5 
H91A C91 H91C 109.5  H91B C91 H91C 109.5 
 
 
Symmetry Operators: 
 
(1)  -X,-Y,-Z 
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Table 9. Torsion Angles(o) 
 (Those having bond angles > 160 or < 20 degrees are excluded.) 
 
atom1 atom2 atom3 atom4    angle  atom1 atom2 atom3 atom4    angle 
Rh2 Rh1 O8 C28 15.85(8)   O8 Rh1 Rh2 O6 -99.73(4)  
O8 Rh1 Rh2 O12 79.70(4)   O8 Rh1 Rh2 N9 170.25(4)  
O8 Rh1 Rh2 N13 -9.95(4)   Rh2 Rh1 O11 C37 17.09(10)  
O11 Rh1 Rh2 O6 78.94(4)   O11 Rh1 Rh2 O12 -101.63(4)  
O11 Rh1 Rh2 N9 -11.09(4)   O11 Rh1 Rh2 N13 168.71(4)  
Rh2 Rh1 N15 C10 -162.33(10)   Rh2 Rh1 N15 C23 10.60(10)  
N15 Rh1 Rh2 O6 -12.17(4)   N15 Rh1 Rh2 O12 167.26(4)  
N15 Rh1 Rh2 N9 -102.19(4)   N15 Rh1 Rh2 N13 77.61(4)  
Rh2 Rh1 N16 C7 -161.62(10)   Rh2 Rh1 N16 C27 12.68(10)  
N16 Rh1 Rh2 O6 167.79(4)   N16 Rh1 Rh2 O12 -12.78(4)  
N16 Rh1 Rh2 N9 77.76(4)   N16 Rh1 Rh2 N13 -102.43(4)  
O8 Rh1 N5 C24 -162.58(13)   O8 Rh1 N5 C26 22.07(13)  
N5 Rh1 O8 C28 -165.11(9)   O8 Rh1 N15 C10 -72.21(11)  
O8 Rh1 N15 C23 100.73(11)   N15 Rh1 O8 C28 -69.84(10)  
O8 Rh1 N16 C7 108.67(10)   O8 Rh1 N16 C27 -77.04(11)  
N16 Rh1 O8 C28 100.65(10)   O11 Rh1 N5 C24 18.74(13)  
O11 Rh1 N5 C26 -156.61(13)   N5 Rh1 O11 C37 -161.96(11)  
O11 Rh1 N15 C10 108.68(11)   O11 Rh1 N15 C23 -78.39(11)  
N15 Rh1 O11 C37 102.77(11)   O11 Rh1 N16 C7 -72.44(10)  
O11 Rh1 N16 C27 101.86(11)   N16 Rh1 O11 C37 -67.73(11)  
N5 Rh1 N15 C10 17.35(11)   N5 Rh1 N15 C23 -169.72(11)  
N15 Rh1 N5 C24 109.89(13)   N15 Rh1 N5 C26 -65.46(14)  
N5 Rh1 N16 C7 18.70(10)   N5 Rh1 N16 C27 -167.01(11)  
N16 Rh1 N5 C24 -70.12(13)   N16 Rh1 N5 C26 114.53(13)  
Rh1 Rh2 O6 C23 18.34(9)   Rh1 Rh2 O12 C27 17.61(8)  
Rh1 Rh2 N9 C35 -171.54(11)   Rh1 Rh2 N9 C37 9.27(11)  
Rh1 Rh2 N13 C14 -177.91(10)   Rh1 Rh2 N13 C28 7.86(10)  
O6 Rh2 N4 C29 152.91(12)   O6 Rh2 N4 C50 -15.61(12)  
N4 Rh2 O6 C23 -161.67(10)   O6 Rh2 N9 C35 99.37(11)  
O6 Rh2 N9 C37 -79.82(12)   N9 Rh2 O6 C23 104.23(11)  
O6 Rh2 N13 C14 -88.80(11)   O6 Rh2 N13 C28 96.97(12)  
N13 Rh2 O6 C23 -66.73(11)   O12 Rh2 N4 C29 -26.51(12)  
O12 Rh2 N4 C50 164.96(11)   N4 Rh2 O12 C27 -162.37(9)  
O12 Rh2 N9 C35 -81.71(11)   O12 Rh2 N9 C37 99.11(12)  
N9 Rh2 O12 C27 -68.28(10)   O12 Rh2 N13 C14 92.19(11)  
O12 Rh2 N13 C28 -82.05(12)   N13 Rh2 O12 C27 102.68(9)  
N4 Rh2 N9 C35 8.27(12)   N4 Rh2 N9 C37 -170.91(12)  
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Table 9. Torsion angles (o) (continued) 
 
atom1 atom2 atom3 atom4 angle  atom1 atom2 atom3 atom4 angle 
N9 Rh2 N4 C29 -117.05(12)   N9 Rh2 N4 C50 74.43(12)  
N4 Rh2 N13 C14 2.28(11)   N4 Rh2 N13 C28 -171.96(11)  
N13 Rh2 N4 C29 63.12(12)   N13 Rh2 N4 C50 -105.40(12)  
Rh2 O6 C23 N15 -15.3(2)   Rh2 O6 C23 C57 166.61(9)  
Rh1 O8 C28 N13 -14.2(2)   Rh1 O8 C28 C51 163.27(9)  
Rh1 O11 C37 N9 -14.8(3)   Rh1 O11 C37 C67 164.50(10)  
Rh2 O12 C27 N16 -12.7(2)   Rh2 O12 C27 C52 168.20(9)  
Rh2 N4 C29 N32 -170.28(9)   Rh2 N4 C50 C3 170.16(10)  
C29 N4 C50 C3 -0.3(2)   C50 N4 C29 N32 0.2(2)  
Rh1 N5 C24 C47 -176.29(11)   Rh1 N5 C26 N17 176.96(11)  
C24 N5 C26 N17 0.8(2)   C26 N5 C24 C47 -0.2(2)  
Rh2 N9 C35 C41 -108.31(19)   Rh2 N9 C35 C66 68.9(2)  
Rh2 N9 C37 O11 1.4(3)   Rh2 N9 C37 C67 -177.86(11)  
C35 N9 C37 O11 -177.83(17)   C35 N9 C37 C67 3.0(3)  
C37 N9 C35 C41 70.9(3)   C37 N9 C35 C66 -111.9(2)  
Rh2 N13 C14 C36 65.49(16)   Rh2 N13 C14 C43 -109.33(14)  
Rh2 N13 C28 O8 2.3(2)   Rh2 N13 C28 C51 -175.04(10)  
C14 N13 C28 O8 -171.90(16)   C14 N13 C28 C51 10.8(3)  
C28 N13 C14 C36 -120.13(18)   C28 N13 C14 C43 65.0(2)  
Rh1 N15 C10 C31 103.91(19)   Rh1 N15 C10 C65 -72.7(2)  
Rh1 N15 C23 O6 0.6(3)   Rh1 N15 C23 C57 178.49(11)  
C10 N15 C23 O6 173.56(17)   C10 N15 C23 C57 -8.5(3)  
C23 N15 C10 C31 -69.1(2)   C23 N15 C10 C65 114.3(2)  
Rh1 N16 C7 C38 -83.38(18)   Rh1 N16 C7 C64 92.10(16)  
Rh1 N16 C27 O12 -2.7(2)   Rh1 N16 C27 C52 176.29(10)  
C7 N16 C27 O12 171.46(15)   C7 N16 C27 C52 -9.5(3)  
C27 N16 C7 C38 102.28(19)   C27 N16 C7 C64 -82.2(2)  
C26 N17 C47 C24 1.0(3)   C47 N17 C26 N5 -1.1(3)  
C56 N18 C72 N19 0.2(3)   C72 N18 C56 C63 0.3(3)  
C63 N19 C72 N18 -0.6(3)   C72 N19 C63 C56 0.7(3)  
C3 N32 C29 N4 -0.1(2)   C29 N32 C3 C50 -0.2(2)  
N32 C3 C50 N4 0.3(2)   N16 C7 C38 C48 173.27(15)  
N16 C7 C64 C42 -173.85(16)   C38 C7 C64 C42 1.7(3)  
C64 C7 C38 C48 -2.3(3)   N15 C10 C31 C49 -178.24(18)  
N15 C10 C65 C68 177.02(18)   C31 C10 C65 C68 0.3(3)  
C65 C10 C31 C49 -1.5(3)   N13 C14 C36 C54 -174.16(13)  
N13 C14 C43 C34 174.93(13)   C36 C14 C43 C34 0.1(3)  
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Table 9. Torsion angles (o) (continued) 
 
atom1 atom2 atom3 atom4 angle  atom1 atom2 atom3 atom4 angle 
C43 C14 C36 C54 0.7(2)   N5 C24 C47 N17 -0.5(3)  
C10 C31 C49 C69 1.2(4)   C43 C34 C45 C54 0.8(3)  
C45 C34 C43 C14 -0.8(3)   N9 C35 C41 C71 -179.4(2)  
N9 C35 C66 C70 180.0(2)   C41 C35 C66 C70 -2.8(4)  
C66 C35 C41 C71 3.4(4)   C14 C36 C54 C45 -0.7(3)  
C7 C38 C48 C46 0.8(3)   C35 C41 C71 C55 -1.3(5)  
C46 C42 C64 C7 0.4(3)   C64 C42 C46 C48 -1.9(4)  
C34 C45 C54 C36 -0.1(3)   C42 C46 C48 C38 1.3(4)  
C31 C49 C69 C68 0.4(5)   C70 C55 C71 C41 -1.5(5)  
C71 C55 C70 C66 2.1(5)   N18 C56 C63 N19 -0.6(3)  
C10 C65 C68 C69 1.3(4)   C35 C66 C70 C55 0.1(4)  
C65 C68 C69 C49 -1.6(4)   C81 C80 C82 C811 -1.2(6)  
C82 C80 C81 C821 1.2(6)   C82 C80 C81 C91 179.9(4)  
C80 C81 C821 C801 -1.2(6)   C91 C81 C821 C801 -180.0(4)  
 
 
Symmetry Operators: 
 
(1)  -X,-Y,-Z 
 
 
Table 10. Possible hydrogen bonds 
 
Donor  H Acceptor  D...A D-H H...A   D-H...A 
 N18  H20   O111  2.939(3) 1.05(5) 1.91(5)   166(4)   
 N32  H32   O82  2.941(3) 0.80(3) 2.15(3)   170(3)   
 
 
 
Symmetry Operators: 
 
(1)  X,Y-1,Z   (2)  X,-Y+1,Z+1 
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Table 11. Intramolecular contacts less than 3.60 Å 
 
atom atom distance  atom atom distance 
Rh2 C36 3.558(2)  O6 O11 3.510(2)  
O6 C10 3.571(3)  O6 C36 3.485(3)  
O6 C37 3.483(3)  O6 C50 3.266(3)  
O8 O12 3.5629(18)  O8 C10 3.388(2)  
O8 C14 3.569(3)  O8 C26 3.213(3)  
O8 C27 3.529(2)  O8 C31 3.568(3)  
O11 C7 3.398(3)  O11 C23 3.498(3)  
O11 C24 3.284(3)  O11 C35 3.577(3)  
O11 C64 3.410(3)  O12 C7 3.577(3)  
O12 C28 3.512(2)  O12 C29 3.248(3)  
O12 C35 3.577(3)  O12 C66 3.404(3)  
N4 C14 3.101(2)  N4 C35 3.111(3)  
N4 C36 3.076(2)  N4 C66 3.245(3)  
N5 C7 3.121(2)  N5 C10 3.190(3)  
N5 C38 3.172(3)  N5 C65 3.080(3)  
N9 N16 3.332(3)  N9 C27 3.296(3)  
N13 N15 3.335(2)  N13 C23 3.271(3)  
N15 C28 3.247(3)  N16 C37 3.262(3)  
C7 C24 3.281(3)  C7 C46 2.785(4)  
C7 C52 2.846(4)  C10 C26 3.274(3)  
C10 C57 2.838(4)  C10 C69 2.783(3)  
C14 C29 3.262(2)  C14 C45 2.774(4)  
C14 C51 2.834(3)  C23 C31 3.085(3)  
C23 C65 3.408(3)  C24 C38 3.323(3)  
C24 C48 3.552(4)  C24 C64 3.504(3)  
C26 C65 3.134(3)  C26 C68 3.504(3)  
C27 C38 3.332(4)  C27 C64 3.185(4)  
C28 C36 3.434(3)  C28 C43 3.042(3)  
C29 C36 3.367(2)  C29 C43 3.484(3)  
C31 C57 3.201(4)  C31 C68 2.762(4)  
C34 C36 2.768(4)  C35 C50 3.497(4)  
C35 C55 2.773(3)  C35 C67 2.841(4)  
C36 C50 3.340(3)  C37 C41 3.100(4)  
C37 C66 3.371(3)  C38 C42 2.747(3)  
C38 C52 3.572(4)  C41 C67 3.193(4)  
C41 C70 2.747(4)  C43 C51 3.149(3)  
C43 C54 2.755(4)  C48 C64 2.749(4)  
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Table 11. Intramolecular contacts less than 3.60 Å (continued) 
 
atom atom distance  atom atom distance 
C49 C65 2.756(3)  C52 C64 3.419(4)  
C66 C71 2.748(4)  C80 C801 2.740(7)  
C80 C911 3.526(11)  C81 C811 2.757(8)  
C82 C821 2.749(6)  C82 C91 3.560(10)  
 
 
Symmetry Operators: 
 
(1)  -X,-Y,-Z 
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Table 12. Intramolecular contacts less than 3.60 Å involving hydrogens 
 
atom atom distance  atom atom distance 
Rh1 H24 3.416  Rh1 H26 3.330  
Rh1 H65 3.554  Rh2 H29 3.341  
Rh2 H36 3.418  Rh2 H50 3.409  
Rh2 H66 3.436  O6 H36 2.839  
O6 H50 2.900  O6 H57A 3.060  
O6 H57B 2.399  O6 H57C 2.845  
O8 H26 2.801  O8 H31 3.320  
O8 H38 3.590  O8 H51A 3.086  
O8 H51B 2.835  O8 H51C 2.423  
O11 H24 2.917  O11 H64 3.073  
O11 H65 3.435  O11 H67A 3.093  
O11 H67B 2.793  O11 H67C 2.421  
O12 H29 2.839  O12 H52A 3.062  
O12 H52B 2.402  O12 H52C 2.848  
O12 H66 2.737  N4 H3 3.119 
N4 H32 2.97(3)  N4 H36 3.111  
N4 H66 3.288  N5 H17 3.03(3)  
N5 H38 3.236  N5 H47 3.122  
N5 H65 2.951  N9 H41 2.621  
N9 H66 2.591  N9 H67A 2.607  
N9 H67B 2.910  N9 H67C 3.197  
N13 H36 2.616  N13 H43 2.605  
N13 H51A 2.604  N13 H51B 2.884  
N13 H51C 3.198  N15 H31 2.618  
N15 H57A 2.628  N15 H57B 3.217  
N15 H57C 2.867  N15 H65 2.613  
N16 H38 2.613  N16 H52A 2.622  
N16 H52B 3.211  N16 H52C 2.851  
N16 H64 2.609  N17 H24 3.065  
N18 H21 3.33(3)  N18 H63 3.069  
N19 H20 3.18(5)  N19 H56 2.988  
N32 H50 3.069  C3 H29 3.069  
C7 H24 3.129  C7 H42 3.239  
C7 H48 3.243  C7 H52A 2.629  
C7 H52C 2.998  C10 H26 3.112 
C10 H49 3.246  C10 H57A 2.607  
C10 H57C 3.010  C10 H68 3.245  
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Table 12. Intramolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
C14 H29 3.264  C14 H34 3.247  
C14 H51A 2.577  C14 H51B 3.044  
C14 H54 3.243  C23 H31 3.010  
C23 H36 3.411  C23 H65 3.538  
C24 H17 2.98(2)  C24 H26 3.038  
C24 H65 3.197  C26 H24 3.034  
C26 H38 3.547  C26 H47 3.076  
C26 H65 3.320  C27 H38 3.394  
C27 H64 3.154  C27 H66 3.216  
C28 H31 3.306  C28 H36 3.583  
C28 H43 2.926  C29 H3 3.076  
C29 H50 3.025  C29 H66 3.503  
C31 H26 3.245  C31 H57A 3.086  
C31 H57C 2.934  C31 H65 3.233  
C31 H69 3.233  C34 H29 3.565  
C34 H54 3.210  C35 H50 3.479  
C35 H67A 2.526  C35 H67B 3.134  
C35 H70 3.235  C35 H71 3.241  
C36 H43 3.234  C36 H45 3.240  
C36 H51A 3.245  C37 H41 3.048  
C37 H64 3.113  C37 H66 3.499  
C38 H24 3.449  C38 H46 3.236  
C38 H52A 3.001  C38 H64 3.220  
C41 H50 3.316  C41 H55 3.226  
C41 H66 3.217  C41 H67A 2.918  
C41 H67B 3.072  C42 H24 3.185  
C42 H48 3.202  C43 H29 3.181  
C43 H36 3.237  C43 H45 3.229  
C43 H51A 2.998  C43 H51B 2.919  
C45 H36 3.238  C45 H43 3.226  
C46 H24 3.474  C46 H38 3.230  
C46 H64 3.231  C47 H26 3.070  
C48 H42 3.202  C49 H26 3.561  
C49 H68 3.215  C50 H29 3.028  
C50 H32 2.95(3)  C50 H36 3.154  
C51 H31 3.381  C51 H43 3.021  
C52 H64 3.453  C52 H66 3.538  
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Table 12. Intramolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
C54 H34 3.211  C55 H41 3.222  
C55 H66 3.225  C56 H21 3.20(3)  
C56 H72 3.039  C57 H31 3.143  
C63 H20 3.16(5)  C63 H72 3.098  
C64 H24 2.996  C64 H38 3.219  
C64 H46 3.237  C64 H52A 3.338  
C64 H52C 3.161  C64 H67C 3.519  
C65 H26 3.277  C65 H31 3.234  
C65 H57A 3.192  C65 H69 3.236  
C66 H41 3.215  C66 H55 3.230  
C66 H67A 3.153  C67 H41 3.148  
C67 H64 3.226  C68 H26 3.569  
C68 H49 3.216  C69 H31 3.229  
C69 H65 3.234  C70 H71 3.207  
C71 H70 3.207  C72 H56 3.029  
C72 H63 3.102  C80 H821 3.237  
C80 H91A 2.853  C80 H91B 2.401  
C80 H91C 3.059  C81 H801 3.212  
C81 H82 3.213  C82 H801 3.236  
C82 H91A1 2.668  C82 H91B1 3.091  
C82 H91C1 2.399  C91 H80 2.560  
C91 H821 2.490  H3 H32 2.400  
H3 H50 2.434  H17 H26 2.432  
H17 H47 2.366  H20 H56 2.419  
H20 H72 2.574  H21 H63 2.479  
H21 H72 2.727  H24 H47 2.444  
H24 H64 3.330  H24 H65 3.478  
H29 H32 2.358  H29 H43 3.389  
H29 H66 3.435  H31 H49 2.316  
H31 H51A 3.317  H31 H51C 3.016  
H31 H57A 3.290  H31 H57C 2.674  
H34 H43 2.319  H34 H45 2.294  
H36 H50 3.232  H36 H51A 3.520  
H36 H54 2.328  H36 H57C 3.461  
H38 H48 2.313  H38 H52A 3.074  
H41 H50 3.306  H41 H67A 3.127  
H41 H67B 2.793  H41 H71 2.312  
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Table 12. Intramolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
H42 H46 2.296  H42 H64 2.316  
H43 H51A 3.135  H43 H51B 2.572  
H45 H54 2.293  H46 H48 2.299  
H49 H69 2.291  H52B H66 3.561  
H52C H64 3.029  H52C H66 3.226  
H55 H70 2.298  H55 H71 2.295  
H56 H63 2.366  H57A H65 3.443  
H64 H67A 3.292  H64 H67C 2.795  
H65 H68 2.311  H66 H67A 3.485  
H66 H70 2.315  H68 H69 2.313  
H80 H82 2.261  H80 H91A 3.027  
H80 H91B 2.261  H80 H91C 3.354  
H82 H91A1 2.733  H82 H91B1 3.387  
H82 H91C1 2.286   
 
 
Symmetry Operators: 
 
(1)  -X,-Y,-Z 
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Table 13. Intermolecular contacts less than 3.60 Å 
 
atom atom distance  atom atom distance 
O8 N321 2.941(3)  O11 N182 2.939(3)  
N15 N182 3.462(3)  N17 C561 3.438(4)  
N17 C631 2.823(3)  N18 O113 2.939(3)  
N18 N153 3.462(3)  N18 C233 3.509(3)  
N18 C373 3.277(3)  N18 C653 3.572(3)  
N18 C673 3.515(3)  N32 O84 2.941(3)  
N32 C264 3.593(3)  N32 C514 3.582(4)  
C23 N182 3.509(3)  C23 C562 3.451(4)  
C26 N321 3.593(3)  C26 C291 3.530(3)  
C26 C341 3.509(3)  C29 C264 3.530(3)  
C34 C264 3.509(3)  C34 C91 3.435(7)  
C37 N182 3.277(3)  C43 C63 3.592(4)  
C47 C631 3.390(3)  C51 N321 3.582(4)  
C56 N174 3.438(4)  C56 C233 3.451(4)  
C56 C573 3.529(4)  C57 C562 3.529(4)  
C63 N174 2.823(3)  C63 C43 3.592(4)  
C63 C474 3.390(3)  C65 N182 3.572(3)  
C66 C705 3.587(4)  C67 N182 3.515(3)  
C69 C916 3.540(7)  C70 C665 3.587(4)  
C70 C705 3.455(5)  C91 C34 3.435(7)  
C91 C696 3.540(7)   
 
 
Symmetry Operators: 
 
(1)  X,-Y+1,Z  (2)  X,Y+1,Z 
(3)  X,Y-1,Z  (4)  X,-Y+1,Z+1 
(5)  -X+1,-Y+1,-Z+1  (6)  -X,-Y+1,-Z  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens 
 
atom atom distance  atom atom distance 
Rh1 H201 3.32(5)  O6 H201 3.57(5)  
O6 H561 2.940  O8 H322 2.15(3)  
O11 H201 1.91(5)  O12 H21 3.31(3)  
N5 H322 3.49(3)  N9 H201 3.36(5)  
N9 H561 3.580  N15 H201 2.91(5)  
N17 H292 3.121  N17 H342 3.259  
N17 H432 3.488  N17 H562 3.392  
N17 H632 2.159  N18 H57A3 3.479  
N18 H653 2.874  N18 H67B3 3.020  
N19 H32 3.025  N19 H174 3.05(3)  
N19 H43 2.994  N32 H264 3.112 
N32 H384 2.791  N32 H51B4 3.403  
N32 H51C4 3.223  C3 H214 3.42(3)  
C3 H51B4 3.172  C3 H51C4 3.450  
C3 H724 3.241  C3 H824 3.554  
C3 H91C5 3.164  C10 H201 3.54(4)  
C14 H91A 3.505  C23 H201 3.21(5)  
C23 H561 3.015  C24 H416 3.567  
C24 H467 3.324  C24 H716 2.929  
C26 H292 2.931  C26 H322 3.16(3)  
C26 H342 3.212  C26 H632 3.223  
C27 H21 3.30(3)  C28 H21 3.50(3)  
C28 H322 2.94(3)  C29 H264 3.208  
C29 H384 2.886  C31 H318 3.477  
C31 H452 3.436  C34 H174 3.25(3)  
C34 H264 2.860  C34 H63 3.168  
C34 H91A 3.035  C34 H91B 2.957  
C36 H498 3.202  C36 H698 3.228  
C36 H91B5 3.288  C36 H91C5 3.576  
C37 H201 2.46(4)  C37 H561 3.431  
C38 H292 3.425  C38 H322 3.47(3)  
C38 H702 3.098  C41 H479 3.276  
C42 H467 3.522  C42 H477 3.267  
C42 H52B10 3.467  C42 H67B11 3.061  
C43 H174 3.20(2)  C43 H21 3.46(4)  
C43 H264 3.529  C43 H63 2.909  
C43 H91A 3.189  C43 H91B 3.536  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
C45 H264 3.253  C45 H494 3.493  
C45 H51C4 3.385  C45 H57B12 3.565  
C45 H57C12 3.199  C45 H698 3.562  
C45 H91A 3.227  C45 H91B 3.374  
C46 H467 3.250  C46 H477 3.069  
C46 H67A11 3.419  C46 H67B11 3.189  
C47 H416 3.012  C47 H427 3.540  
C47 H467 3.057  C47 H562 3.511 
C47 H632 3.041  C47 H716 3.305  
C48 H662 3.334  C48 H67A11 3.422  
C48 H702 2.903  C49 H318 3.588  
C49 H342 3.139  C49 H452 3.093  
C49 H51A8 3.183  C49 H91A8 3.529  
C50 H689 3.473  C50 H724 3.506  
C50 H91C5 2.963  C51 H32 3.269  
C51 H322 3.11(3)  C51 H91A 3.401  
C52 H21 3.42(3)  C52 H4211 3.313  
C52 H67C11 3.263  C54 H51C4 3.578  
C54 H698 2.982  C54 H91A 3.528  
C54 H91B5 3.088  C54 H91C5 3.597  
C55 H724 2.877  C56 H174 2.83(3)  
C56 H413 3.395  C56 H474 3.306  
C56 H57A3 3.257  C56 H57B3 3.346  
C56 H67B3 3.270  C57 H455 3.163  
C57 H561 3.179  C57 H801 3.388  
C63 H174 2.03(3)  C63 H34 3.580  
C63 H43 2.778  C63 H474 3.247  
C63 H80 3.528  C65 H201 3.31(4)  
C65 H821 3.276  C66 H484 3.127  
C66 H7013 3.437  C67 H201 2.94(4)  
C67 H52A10 3.532  C67 H7013 3.392  
C68 H506 3.307  C68 H821 3.280  
C68 H91A8 3.301  C68 H91C8 3.145  
C69 H342 3.074  C69 H91A8 2.854  
C69 H91C8 3.361  C70 H384 3.415  
C70 H484 3.193  C70 H67A13 3.286  
C70 H7013 3.489  C71 H249 3.325  
  
204 
 
Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
C71 H479 3.596  C71 H724 2.835  
C72 H32 3.152  C72 H552 3.510  
C72 H653 3.172  C72 H712 3.483  
C80 H51B 2.990  C80 H5412 3.163  
C80 H57A3 3.195  C81 H312 3.547  
C81 H51A 3.264  C81 H51B 3.168  
C81 H5412 3.192  C82 H32 3.080  
C82 H51A14 3.531  C82 H51B 3.288  
C82 H57A3 3.167  C91 H34 3.492  
C91 H3612 3.349  C91 H5012 3.525  
C91 H51A 3.387  C91 H5412 2.989  
C91 H688 3.586  C91 H698 3.349  
H3 N194 3.025  H3 C514 3.269  
H3 C724 3.152  H3 C815 3.547  
H3 C824 3.080  H3 H214 2.922  
H3 H51B4 2.577  H3 H51C4 3.236  
H3 H724 2.995  H3 H824 2.820  
H3 H91C5 2.990  H17 N192 3.05(3)  
H17 C342 3.25(3)  H17 C432 3.20(2)  
H17 C562 2.83(3)  H17 C632 2.03(3)  
H17 H212 3.27(5)  H17 H292 3.212  
H17 H342 2.873  H17 H432 2.785  
H17 H562 2.942  H17 H632 1.315  
H20 Rh13 3.32(5)  H20 O63 3.57(5)  
H20 O113 1.91(5)  H20 N93 3.36(5)  
H20 N153 2.91(5)  H20 C103 3.54(4)  
H20 C233 3.21(5)  H20 C373 2.46(4)  
H20 C653 3.31(4)  H20 C673 2.94(4)  
H20 H653 2.582  H20 H67B3 2.722  
H20 H67C3 3.080  H20 H712 3.460  
H21 O12 3.31(3)  H21 C32 3.42(3)  
H21 C27 3.30(3)  H21 C28 3.50(3)  
H21 C43 3.46(4)  H21 C52 3.42(3)  
H21 H32 2.922  H21 H174 3.27(5)  
H21 H322 3.52(4)  H21 H43 2.573  
H21 H51B 3.269  H21 H52A 3.298  
H21 H52B 3.121  H24 C716 3.325  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
H24 H467 2.986  H24 H716 2.472  
H26 N322 3.112  H26 C292 3.208  
H26 C342 2.860  H26 C432 3.529  
H26 C452 3.253  H26 H292 2.790  
H26 H322 2.674  H26 H342 2.667  
H26 H452 3.329  H26 H632 3.444  
H29 N174 3.121  H29 C264 2.931  
H29 C384 3.425  H29 H174 3.212  
H29 H264 2.790  H29 H384 2.779  
H29 H484 3.343  H31 C318 3.477  
H31 C498 3.588  H31 H318 2.872  
H31 H452 3.348  H31 H498 3.081  
H32 O84 2.15(3)  H32 N54 3.49(3)  
H32 C264 3.16(3)  H32 C284 2.94(3)  
H32 C384 3.47(3)  H32 C514 3.11(3)  
H32 H214 3.52(4)  H32 H264 2.674  
H32 H384 2.646  H32 H51B4 3.080  
H32 H51C4 2.808  H34 N174 3.259  
H34 C264 3.212  H34 C494 3.139  
H34 C63 3.580  H34 C694 3.074  
H34 C91 3.492  H34 H174 2.873  
H34 H264 2.667  H34 H494 3.206  
H34 H63 2.757  H34 H694 3.106  
H34 H80 3.282  H34 H91A 3.344  
H34 H91B 2.804  H36 C915 3.349  
H36 H498 2.844  H36 H698 3.351  
H36 H91B5 2.796  H36 H91C5 3.015  
H38 N322 2.791  H38 C292 2.886  
H38 C702 3.415  H38 H292 2.779  
H38 H322 2.646  H38 H662 3.588  
H38 H702 2.989  H41 C249 3.567  
H41 C479 3.012  H41 C561 3.395  
H41 H479 2.609  H41 H561 2.753  
H41 H689 3.380  H42 C477 3.540  
H42 C5210 3.313  H42 H467 3.510  
H42 H477 2.823  H42 H52A10 3.333  
H42 H52B10 2.625  H42 H52C10 3.520  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
H42 H67B11 3.138  H43 N174 3.488  
H43 N19 2.994  H43 C63 2.778  
H43 H174 2.785  H43 H21 2.573  
H43 H63 2.225  H43 H80 3.282  
H43 H91A 3.584  H45 C314 3.436  
H45 C494 3.093  H45 C5712 3.163  
H45 H264 3.329  H45 H314 3.348  
H45 H494 2.748  H45 H51C4 2.951  
H45 H57A12 3.592  H45 H57B12 3.119 
H45 H57C12 2.423  H45 H91B 3.515  
H46 C247 3.324  H46 C427 3.522  
H46 C467 3.250  H46 C477 3.057  
H46 H247 2.986  H46 H427 3.510  
H46 H467 3.014  H46 H477 2.442  
H46 H67B11 3.371  H46 H7111 3.501  
H47 C416 3.276  H47 C427 3.267  
H47 C467 3.069  H47 C562 3.306  
H47 C632 3.247  H47 C716 3.596  
H47 H416 2.609  H47 H427 2.823  
H47 H467 2.442  H47 H562 3.239  
H47 H632 3.158  H47 H67B6 3.154  
H47 H716 3.230  H48 C662 3.127  
H48 C702 3.193  H48 H292 3.343  
H48 H52B2 3.264  H48 H52C2 3.591  
H48 H662 2.514  H48 H702 2.652  
H49 C368 3.202  H49 C452 3.493  
H49 H318 3.081  H49 H342 3.206  
H49 H368 2.844  H49 H452 2.748  
H49 H51A8 2.925  H49 H57C8 2.893  
H50 C689 3.307  H50 C915 3.525  
H50 H689 2.555  H50 H724 3.478  
H50 H91C5 2.571  H51A C498 3.183  
H51A C81 3.264  H51A C8214 3.531  
H51A C91 3.387  H51A H498 2.925  
H51A H91A 2.674  H51B N322 3.403  
H51B C32 3.172  H51B C80 2.990  
H51B C81 3.168  H51B C82 3.288  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
H51B H32 2.577  H51B H21 3.269  
H51B H322 3.080  H51B H80 3.211 
H51B H91A 3.276  H51C N322 3.223  
H51C C32 3.450  H51C C452 3.385  
H51C C542 3.578  H51C H32 3.236  
H51C H322 2.808  H51C H452 2.951  
H51C H542 3.311  H52A C6711 3.532  
H52A H21 3.298  H52A H4211 3.333  
H52A H6411 3.547  H52A H67A11 3.413  
H52A H67C11 2.819  H52B C4211 3.467  
H52B H21 3.121  H52B H4211 2.625  
H52B H484 3.264  H52C H4211 3.520  
H52C H484 3.591  H52C H5513 3.118 
H52C H67C11 2.843  H54 C805 3.163  
H54 C815 3.192  H54 C915 2.989  
H54 H51C4 3.311  H54 H57B12 3.260  
H54 H57C12 3.393  H54 H698 2.956  
H54 H805 2.910  H54 H91B5 2.378  
H54 H91C5 3.046  H55 C724 3.510  
H55 H52C13 3.118  H55 H6413 3.152  
H55 H6613 3.497  H55 H67A13 3.521  
H55 H724 2.866  H56 O63 2.940  
H56 N93 3.580  H56 N174 3.392  
H56 C233 3.015  H56 C373 3.431  
H56 C474 3.511  H56 C573 3.179  
H56 H174 2.942  H56 H413 2.753  
H56 H474 3.239  H56 H57A3 3.165  
H56 H57B3 2.853  H56 H67B3 3.320  
H56 H684 3.237  H57A N181 3.479  
H57A C561 3.257  H57A C801 3.195  
H57A C821 3.167  H57A H455 3.592  
H57A H561 3.165  H57A H801 2.717  
H57A H821 2.674  H57B C455 3.565  
H57B C561 3.346  H57B H455 3.119 
H57B H545 3.260  H57B H561 2.853  
H57B H689 3.220  H57B H699 2.957  
H57B H801 3.256  H57C C455 3.199  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
H57C H455 2.423  H57C H498 2.893  
H57C H545 3.393  H63 N174 2.159  
H63 C264 3.223  H63 C34 3.168  
H63 C43 2.909  H63 C474 3.041  
H63 H174 1.315  H63 H264 3.444  
H63 H34 2.757  H63 H43 2.225  
H63 H474 3.158  H63 H80 3.472  
H64 H52A10 3.547  H64 H5513 3.152  
H65 N181 2.874  H65 C721 3.172  
H65 H201 2.582  H65 H716 3.296  
H65 H721 3.054  H65 H821 3.491  
H66 C484 3.334  H66 H384 3.588  
H66 H484 2.514  H66 H5513 3.497  
H67A C4610 3.419  H67A C4810 3.422  
H67A C7013 3.286  H67A H52A10 3.413  
H67A H5513 3.521  H67A H7013 2.463  
H67B N181 3.020  H67B C4210 3.061  
H67B C4610 3.189  H67B C561 3.270  
H67B H201 2.722  H67B H4210 3.138  
H67B H4610 3.371  H67B H479 3.154  
H67B H561 3.320  H67C C5210 3.263  
H67C H201 3.080  H67C H52A10 2.819  
H67C H52C10 2.843  H68 C506 3.473  
H68 C918 3.586  H68 H416 3.380  
H68 H506 2.555  H68 H562 3.237  
H68 H57B6 3.220  H68 H821 3.513  
H68 H91A8 3.391  H68 H91C8 2.901  
H69 C368 3.228  H69 C458 3.562  
H69 C548 2.982  H69 C918 3.349  
H69 H342 3.106  H69 H368 3.351  
H69 H548 2.956  H69 H57B6 2.957  
H69 H91A8 2.604  H69 H91C8 3.265  
H70 C384 3.098  H70 C484 2.903  
H70 C6613 3.437  H70 C6713 3.392  
H70 C7013 3.489  H70 H384 2.989  
H70 H484 2.652  H70 H67A13 2.463  
H71 C249 2.929  H71 C479 3.305  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
H71 C724 3.483  H71 H204 3.460  
H71 H249 2.472  H71 H4610 3.501  
H71 H479 3.230  H71 H659 3.296  
H71 H724 2.775  H72 C32 3.241  
H72 C502 3.506  H72 C552 2.877  
H72 C712 2.835  H72 H32 2.995  
H72 H502 3.478  H72 H552 2.866  
H72 H653 3.054  H72 H712 2.775  
H80 C573 3.388  H80 C63 3.528  
H80 H34 3.282  H80 H43 3.282  
H80 H51B 3.211  H80 H5412 2.910  
H80 H57A3 2.717  H80 H57B3 3.256  
H80 H63 3.472  H82 C32 3.554  
H82 C653 3.276  H82 C683 3.280  
H82 H32 2.820  H82 H57A3 2.674  
H82 H653 3.491  H82 H683 3.513  
H91A C14 3.505  H91A C34 3.035  
H91A C43 3.189  H91A C45 3.227  
H91A C498 3.529  H91A C51 3.401  
H91A C54 3.528  H91A C688 3.301  
H91A C698 2.854  H91A H34 3.344  
H91A H43 3.584  H91A H51A 2.674  
H91A H51B 3.276  H91A H688 3.391  
H91A H698 2.604  H91B C34 2.957  
H91B C3612 3.288  H91B C43 3.536  
H91B C45 3.374  H91B C5412 3.088  
H91B H34 2.804  H91B H3612 2.796  
H91B H45 3.515  H91B H5412 2.378  
H91C C312 3.164  H91C C3612 3.576  
H91C C5012 2.963  H91C C5412 3.597  
H91C C688 3.145  H91C C698 3.361  
H91C H312 2.990  H91C H3612 3.015  
H91C H5012 2.571  H91C H5412 3.046  
H91C H688 2.901  H91C H698 3.265  
 
 
Symmetry Operators: 
 
(1)  X,Y+1,Z  (2)  X,-Y+1,Z 
(3)  X,Y-1,Z  (4)  X,-Y+1,Z+1 
(5)  -X,Y+1/2,-Z+1/2  (6)  X,-Y+2,Z 
(7)  -X+1,-Y+1,-Z  (8)  -X,-Y+1,-Z 
(9)  X,-Y+2,Z+1  (10)  -X+1,Y+1/2,-Z+1/2 
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(11)  -X+1,Y+1/2-1,-Z+1/2  (12)  -X,Y+1/2-1,-Z+1/2 
(13)  -X+1,-Y+1,-Z+1  (14)  -X,-Y,-Z 
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Appendix C 
Experimental Details 3,1-[Rh2{N(C6H5)COCH3}4(C3N2H4)] 
 
Crystal Data  
 
 
 
Empirical Formula C35H36N6O4Rh2 
 
Formula Weight 810.52 
 
Crystal Color, Habit blue, chip 
 
Crystal Dimensions 0.390 X 0.280 X 0.080 mm 
 
Crystal System monoclinic 
 
Lattice Type Primitive 
 
Lattice Parameters a =   9.364(1) Å 
 b =  16.704(2) Å 
 c =  22.684(3) Å 
 b =  99.637(7) o 
 V = 3498.0(7) Å3 
 
Space Group P21/n (#14) 
 
Z value 4 
 
Dcalc 1.539 g/cm3 
 
F000 1640.00 
 
m(MoKa) 9.874 cm-1 
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Intensity Measurements  
 
 
 
Diffractometer XtaLAB mini 
 
Radiation MoKa (l = 0.71075 Å) 
 graphite monochromated 
 
Voltage, Current 50kV, 12mA 
 
Temperature -50.0oC 
 
Detector Aperture 75 mm (diameter) 
 
Data Images 540 exposures 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.38o 
 
w oscillation Range  -60.0 - 120.0o 
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Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.38o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.38o 
 
Detector Position 50.26 mm 
 
Pixel Size 0.146 mm 
 
2qmax 55.0o 
 
No. of Reflections Measured Total: 36126 
 Unique: 7994 (Rint = 0.1299) 
 
Corrections Lorentz-polarization 
  Absorption 
  (trans. factors: 0.396 - 0.924) 
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Structure Solution and Refinement  
 
 
 
Structure Solution Direct Methods (SHELX97) 
 
Refinement Full-matrix least-squares on F2 
 
Function Minimized S w (Fo2 - Fc2)2  
 
Least Squares Weights w = 1/ [ s2(Fo2) + (0.0588 . P)2  
  + 23.2074 .  P ] 
  where P = (Max(Fo2,0) + 2Fc2)/3 
 
2qmax cutoff 55.0o 
 
Anomalous Dispersion All non-hydrogen atoms 
 
No. Observations (All reflections) 7994 
 
No. Variables 428 
 
Reflection/Parameter Ratio 18.68 
 
Residuals: R1 (I>2.00s(I)) 0.0560 
 
Residuals: R (All reflections) 0.0925 
 
Residuals: wR2 (All reflections) 0.1474 
 
Goodness of Fit Indicator 0.816 
 
Max Shift/Error in Final Cycle 0.003 
 
Maximum peak in Final Diff. Map 1.72 e-/Å3 
 
Minimum peak in Final Diff. Map -0.89 e-/Å3 
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Table 1. Atomic coordinates and Biso/Beq 
 
atom    x    y    z  Beq 
Rh1     1.07281(5)  0.82700(3)  0.40278(2)  2.21(1) 
Rh2     0.98325(5)  0.70635(2)  0.35204(2)  2.08(1) 
O1      0.9391(5)  0.8042(3)  0.4652(2)  2.75(8) 
O2      0.9076(5)  0.8869(3)  0.3528(2)  2.81(8) 
O3      1.2324(5)  0.7632(3)  0.4539(2)  2.72(8) 
O4      1.1352(5)  0.7166(3)  0.2977(2)  2.68(8) 
N1      1.1937(6)  0.8412(3)  0.3370(2)  2.46(9) 
N2      0.8510(5)  0.7774(3)  0.2932(2)  2.46(9) 
N3      0.8343(5)  0.7019(3)  0.4075(3)  2.44(9) 
N4      1.1330(5)  0.6477(3)  0.4127(2)  2.30(8) 
N5      1.1464(6)  0.9350(3)  0.4487(2)  2.71(9) 
N6      1.1449(6)  1.0572(3)  0.4807(3)  3.3(1) 
C1      1.2626(8)  0.9450(5)  0.4924(4)  4.0(2) 
C2      1.2618(9)  1.0214(5)  0.5127(4)  4.8(2) 
C3      1.0786(8)  1.0035(4)  0.4430(3)  3.1(2) 
C4      1.2027(7)  0.7836(4)  0.2983(3)  2.5(1) 
C5      1.2292(6)  0.6853(4)  0.4503(3)  2.4(1) 
C6      0.8390(7)  0.7513(4)  0.4529(3)  2.5(1) 
C7      0.8395(7)  0.8542(4)  0.3050(3)  2.8(1) 
C8      1.2934(9)  0.7913(4)  0.2499(4)  4.2(2) 
C9      1.3467(7)  0.6436(4)  0.4925(3)  3.0(1) 
C10     0.7318(8)  0.7479(4)  0.4954(3)  3.5(2) 
C11     0.7426(8)  0.9107(5)  0.2646(4)  4.4(2) 
C12     1.2621(7)  0.9167(4)  0.3306(3)  2.8(1) 
C13     1.4026(9)  0.9304(5)  0.3579(4)  4.5(2) 
C14     1.464(1)  1.0061(5)  0.3510(4)  5.5(2) 
C15     1.386(1)  1.0643(5)  0.3188(4)  4.5(2) 
C16     1.2476(9)  1.0508(4)  0.2928(4)  4.3(2) 
C17     1.1843(8)  0.9772(4)  0.2987(3)  3.6(2) 
C18     0.7924(7)  0.7449(4)  0.2355(3)  2.7(1) 
C19     0.8479(9)  0.7659(5)  0.1856(3)  4.5(2) 
C20     0.793(1)  0.7330(6)  0.1305(4)  5.6(2) 
C21     0.682(1)  0.6793(6)  0.1252(4)  5.9(2) 
C22     0.630(2)  0.6573(8)  0.1751(4)  8.1(4) 
C23     0.685(1)  0.6886(6)  0.2302(4)  5.9(3) 
C24     0.7153(6)  0.6476(4)  0.3921(3)  2.4(1) 
C25     0.5752(7)  0.6741(4)  0.3739(3)  2.9(1) 
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Table 1. Atomic coordinates and Biso/Beq (continued) 
 
atom    x    y    z  Beq 
C26     0.4644(7)  0.6211(5)  0.3564(3)  3.6(2) 
C27     0.4928(7)  0.5394(5)  0.3562(3)  3.6(2) 
C28     0.6332(7)  0.5124(4)  0.3725(3)  3.3(2) 
C29     0.7435(7)  0.5662(4)  0.3902(3)  2.8(1) 
C30     1.1269(6)  0.5619(4)  0.4063(3)  2.2(1) 
C31     1.1069(6)  0.5323(4)  0.3485(3)  2.8(1) 
C32     1.0823(7)  0.4525(4)  0.3376(4)  3.7(2) 
C33     1.0783(9)  0.4003(4)  0.3844(4)  4.6(2) 
C34     1.0991(9)  0.4292(4)  0.4418(4)  4.4(2) 
C35     1.1238(7)  0.5098(4)  0.4535(3)  3.3(2) 
 
Beq = 8/3 p2(U11(aa*)2 + U22(bb*)2 + U33(cc*)2 + 2U12(aa*bb*)cos g + 2U13(aa*cc*)cos b 
+ 2U23(bb*cc*)cos a) 
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Table 2. Anisotropic displacement parameters 
 
atom   U11   U22   U33   U12   U13   U23 
Rh1    0.0326(3) 0.0209(3) 0.0315(3) -0.0025(2)  0.0090(2) -0.0020(2) 
Rh2    0.0294(3) 0.0212(3) 0.0293(3) -0.0016(2)  0.0081(2) -0.0017(2) 
O1     0.042(3) 0.027(2) 0.040(3) -0.007(2)  0.018(2) -0.006(2) 
O2     0.038(3) 0.027(2) 0.042(3)  0.003(2)  0.006(2) -0.005(2) 
O3     0.041(3) 0.026(2) 0.034(3) -0.004(2)  0.000(2)  -0.001(2) 
O4     0.042(3) 0.025(2) 0.040(3) -0.005(2)  0.020(2) -0.004(2) 
N1     0.038(3) 0.024(3) 0.035(3) -0.004(2)  0.016(3)  0.003(2) 
N2     0.033(3) 0.031(3) 0.029(3)  0.005(2)  0.005(2)  -0.001(2) 
N3     0.032(3) 0.023(3) 0.042(3) -0.004(2)  0.017(3) -0.003(2) 
N4     0.028(3) 0.025(3) 0.036(3)  0.002(2)  0.008(2)  0.001(2) 
N5     0.046(3) 0.026(3) 0.032(3) -0.005(3)  0.009(3) -0.004(2) 
N6     0.055(4) 0.028(3) 0.044(3) -0.005(3)  0.013(3) -0.008(3) 
C1     0.050(5) 0.038(4) 0.060(5)  0.001(4) -0.004(4)  -0.003(4) 
C2     0.071(6) 0.040(4) 0.064(5) -0.016(4) -0.012(5) -0.014(4) 
C3     0.053(4) 0.024(3) 0.043(4) -0.003(3)  0.016(3) -0.007(3) 
C4     0.038(4) 0.027(3) 0.035(3)  0.004(3)  0.012(3)  0.004(3) 
C5     0.026(3) 0.039(4) 0.028(3)  -0.001(3)  0.011(3)  0.002(3) 
C6     0.037(4) 0.024(3) 0.036(4)  0.001(3)  0.012(3)  0.002(3) 
C7     0.033(4) 0.033(4) 0.041(4)  0.005(3)  0.008(3)  0.000(3) 
C8     0.073(5) 0.037(4) 0.058(5) -0.008(4)  0.038(4) -0.009(4) 
C9     0.039(4) 0.033(4) 0.038(4)  0.001(3)  -0.002(3)  0.001(3) 
C10    0.052(4) 0.035(4) 0.051(4) -0.006(3)  0.027(4) -0.009(3) 
C11    0.050(5) 0.043(4) 0.070(5)  0.020(4) -0.007(4)  -0.002(4) 
C12    0.045(4) 0.026(3) 0.039(4)  -0.002(3)  0.020(3)  0.002(3) 
C13    0.056(5) 0.050(5) 0.063(5) -0.013(4)  0.002(4)  0.019(4) 
C14    0.063(6) 0.057(6) 0.082(6) -0.027(4) -0.006(5)  0.013(5) 
C15    0.082(6) 0.036(4) 0.055(5) -0.025(4)  0.016(5)  0.001(4) 
C16    0.077(6) 0.031(4) 0.057(5)  0.006(4)  0.013(4)  0.016(4) 
C17    0.049(4) 0.035(4) 0.052(4) -0.004(3)  0.011(4)  0.005(3) 
C18    0.038(4) 0.033(4) 0.032(4)  0.005(3)  0.005(3)  -0.002(3) 
C19    0.080(6) 0.047(5) 0.043(4) -0.012(4)  0.011(4)  0.003(4) 
C20    0.106(8) 0.073(6) 0.035(4)  -0.003(6)  0.019(5)  0.009(4) 
C21    0.100(8) 0.078(7) 0.045(5) -0.013(6)  0.003(5) -0.019(5) 
C22    0.106(8) 0.15(1) 0.051(6) -0.071(8)  0.020(6) -0.039(6) 
C23    0.081(6) 0.099(7) 0.049(5) -0.051(6)  0.022(5) -0.017(5) 
C24    0.035(3) 0.028(3) 0.031(3) -0.003(3)  0.013(3)  -0.000(3) 
C25    0.039(4) 0.029(3) 0.043(4)  0.001(3)  0.010(3)  -0.001(3) 
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Table 2. Anisotropic displacement parameters (continued) 
 
atom   U11   U22   U33   U12   U13   U23 
C26    0.029(4) 0.061(5) 0.050(4)  0.000(3)  0.010(3) -0.007(4) 
C27    0.039(4) 0.050(5) 0.050(4) -0.012(3)  0.013(4) -0.007(4) 
C28    0.040(4) 0.037(4) 0.052(4) -0.008(3)  0.012(4) -0.008(3) 
C29    0.031(3) 0.033(4) 0.045(4)  -0.001(3)  0.008(3)  -0.003(3) 
C30    0.021(3) 0.024(3) 0.039(4)  0.005(2)  0.008(3) -0.005(3) 
C31    0.031(3) 0.032(4) 0.045(4)  0.001(3)  0.013(3) -0.006(3) 
C32    0.043(4) 0.036(4) 0.062(5)  0.005(3)  0.007(4) -0.018(4) 
C33    0.065(5) 0.021(4) 0.086(6)  0.001(3)  0.009(5) -0.006(4) 
C34    0.066(5) 0.029(4) 0.073(6)  0.009(4)  0.018(5)  0.012(4) 
C35    0.052(4) 0.030(4) 0.045(4)  0.001(3)  0.009(4)  0.006(3) 
 
 
The general temperature factor expression: exp(-2p2(a*2U11h2 + b*2U22k2 + c*2U33l2 + 
2a*b*U12hk + 2a*c*U13hl + 2b*c*U23kl)) 
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Table 3. Bond lengths (Å) 
 
atom atom distance  atom atom distance 
Rh1 Rh2 2.4014(7)  Rh1 O1 2.076(5)  
Rh1 O2 2.023(4)  Rh1 O3 2.033(4)  
Rh1 N1 2.032(6)  Rh1 N5 2.138(5)  
Rh2 O4 2.040(5)  Rh2 N2 2.041(5)  
Rh2 N3 2.030(6)  Rh2 N4 2.043(5)  
O1 C6 1.284(7)  O2 C7 1.285(7)  
O3 C5 1.303(8)  O4 C4 1.284(7)  
N1 C4 1.315(8)  N1 C12 1.433(8)  
N2 C7 1.319(8)  N2 C18 1.438(8)  
N3 C6 1.315(8)  N3 C24 1.434(8)  
N4 C5 1.295(7)  N4 C30 1.440(7)  
N5 C1 1.355(8)  N5 C3 1.304(8)  
N6 C2 1.348(9)  N6 C3 1.321(8)  
C1 C2 1.358(11)  C4 C8 1.501(11)  
C5 C9 1.503(8)  C6 C10 1.504(10)  
C7 C11 1.509(10)  C12 C13 1.375(10)  
C12 C17 1.379(9)  C13 C14 1.409(12)  
C14 C15 1.352(11)  C15 C16 1.354(12)  
C16 C17 1.381(10)  C18 C19 1.368(10)  
C18 C23 1.369(12)  C19 C20 1.385(11)  
C20 C21 1.363(14)  C21 C22 1.355(14)  
C22 C23 1.373(13)  C24 C25 1.380(8)  
C24 C29 1.387(9)  C25 C26 1.371(9)  
C26 C27 1.391(11)  C27 C28 1.380(9)  
C28 C29 1.379(9)  C30 C31 1.384(9)  
C30 C35 1.385(9)  C31 C32 1.369(9)  
C32 C33 1.379(11)  C33 C34 1.373(12)  
C34 C35 1.384(10)   
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Table 4. Bond lengths involving hydrogens (Å) 
 
atom atom distance  atom atom distance 
N6 H3 0.870  C1 H1 0.940  
C2 H2 0.940  C3 H4 0.940  
C8 H5A 0.970  C8 H7C 0.970  
C8 H8B 0.970  C9 H23A 0.970  
C9 H23B 0.970  C9 H23C 0.970  
C10 H42A 0.970  C10 H42B 0.970  
C10 H42C 0.970  C11 H59A 0.970  
C11 H59B 0.970  C11 H59C 0.970  
C13 H25 0.940  C14 H61 0.940  
C15 H49 0.940  C16 H30 0.940  
C17 H48 0.940  C19 H43 0.940  
C20 H60 0.940  C21 H62 0.940  
C22 H64 0.940  C23 H63 0.940  
C25 H24 0.940  C26 H26 0.940  
C27 H35 0.940  C28 H32 0.940  
C29 H29 0.940  C31 H34 0.940  
C32 H36 0.940  C33 H57 0.940  
C34 H50 0.940  C35 H45 0.940  
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Table 5. Bond angles (o) 
 
atom atom atom angle  atom atom atom angle 
Rh2 Rh1 O1 88.34(11)  Rh2 Rh1 O2 88.49(11) 
Rh2 Rh1 O3 89.86(11)  Rh2 Rh1 N1 86.48(13) 
Rh2 Rh1 N5 178.30(15)  O1 Rh1 O2 88.89(17) 
O1 Rh1 O3 89.11(16)  O1 Rh1 N1 174.72(17) 
O1 Rh1 N5 90.26(18)  O2 Rh1 O3 177.44(17) 
O2 Rh1 N1 89.93(18)  O2 Rh1 N5 90.53(17) 
O3 Rh1 N1 91.92(18)  O3 Rh1 N5 91.07(17) 
N1 Rh1 N5 94.9(2)  Rh1 Rh2 O4 89.80(11) 
Rh1 Rh2 N2 87.16(13)  Rh1 Rh2 N3 87.39(13) 
Rh1 Rh2 N4 86.25(13)  O4 Rh2 N2 87.95(18) 
O4 Rh2 N3 177.12(17)  O4 Rh2 N4 88.74(18) 
N2 Rh2 N3 91.25(19)  N2 Rh2 N4 172.63(19) 
N3 Rh2 N4 91.73(19)  Rh1 O1 C6 118.7(4) 
Rh1 O2 C7 119.2(4)  Rh1 O3 C5 118.7(4) 
Rh2 O4 C4 117.3(4)  Rh1 N1 C4 120.8(4) 
Rh1 N1 C12 119.4(4)  C4 N1 C12 119.8(6) 
Rh2 N2 C7 119.7(4)  Rh2 N2 C18 118.2(4) 
C7 N2 C18 121.3(5)  Rh2 N3 C6 121.8(4) 
Rh2 N3 C24 117.3(4)  C6 N3 C24 120.7(6) 
Rh2 N4 C5 122.2(4)  Rh2 N4 C30 113.5(4) 
C5 N4 C30 124.1(5)  Rh1 N5 C1 127.9(5) 
Rh1 N5 C3 125.5(4)  C1 N5 C3 106.4(5) 
C2 N6 C3 107.4(6)  N5 C1 C2 108.4(6) 
N6 C2 C1 106.5(7)  N5 C3 N6 111.3(6) 
O4 C4 N1 123.9(6)  O4 C4 C8 113.9(6) 
N1 C4 C8 122.2(6)  O3 C5 N4 122.2(5) 
O3 C5 C9 114.6(5)  N4 C5 C9 123.2(6) 
O1 C6 N3 121.9(6)  O1 C6 C10 115.4(5) 
N3 C6 C10 122.7(6)  O2 C7 N2 122.6(6) 
O2 C7 C11 114.2(6)  N2 C7 C11 123.2(6) 
N1 C12 C13 120.7(6)  N1 C12 C17 119.5(6) 
C13 C12 C17 119.8(6)  C12 C13 C14 118.5(7) 
C13 C14 C15 120.9(8)  C14 C15 C16 120.3(8) 
C15 C16 C17 120.2(7)  C12 C17 C16 120.4(7) 
N2 C18 C19 121.1(6)  N2 C18 C23 120.2(6) 
C19 C18 C23 118.6(7)  C18 C19 C20 120.6(8) 
C19 C20 C21 120.3(8)  C20 C21 C22 118.7(9) 
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Table 5. Bond angles (o) (continued) 
 
atom atom atom angle  atom atom atom angle 
C21 C22 C23 121.5(11)  C18 C23 C22 120.1(9) 
N3 C24 C25 122.1(6)  N3 C24 C29 118.9(5) 
C25 C24 C29 118.8(6)  C24 C25 C26 121.0(6) 
C25 C26 C27 119.9(6)  C26 C27 C28 119.6(6) 
C27 C28 C29 119.9(7)  C24 C29 C28 120.7(6) 
N4 C30 C31 116.6(5)  N4 C30 C35 123.6(6) 
C31 C30 C35 119.4(6)  C30 C31 C32 120.8(6) 
C31 C32 C33 120.1(7)  C32 C33 C34 119.4(7) 
C33 C34 C35 121.1(7)  C30 C35 C34 119.2(7) 
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Table 6. Bond angles involving hydrogens (o) 
 
atom atom atom angle  atom atom atom angle 
C2 N6 H3 126.3  C3 N6 H3 126.3 
N5 C1 H1 125.8  C2 C1 H1 125.8 
N6 C2 H2 126.8  C1 C2 H2 126.8 
N5 C3 H4 124.3  N6 C3 H4 124.3 
C4 C8 H5A 109.5  C4 C8 H7C 109.5 
C4 C8 H8B 109.5  H5A C8 H7C 109.5 
H5A C8 H8B 109.5  H7C C8 H8B 109.5 
C5 C9 H23A 109.5  C5 C9 H23B 109.5 
C5 C9 H23C 109.5  H23A C9 H23B 109.5 
H23A C9 H23C 109.5  H23B C9 H23C 109.5 
C6 C10 H42A 109.5  C6 C10 H42B 109.5 
C6 C10 H42C 109.5  H42A C10 H42B 109.5 
H42A C10 H42C 109.5  H42B C10 H42C 109.5 
C7 C11 H59A 109.5  C7 C11 H59B 109.5 
C7 C11 H59C 109.5  H59A C11 H59B 109.5 
H59A C11 H59C 109.5  H59B C11 H59C 109.5 
C12 C13 H25 120.8  C14 C13 H25 120.8 
C13 C14 H61 119.6  C15 C14 H61 119.6 
C14 C15 H49 119.8  C16 C15 H49 119.8 
C15 C16 H30 119.9  C17 C16 H30 119.9 
C12 C17 H48 119.8  C16 C17 H48 119.8 
C18 C19 H43 119.7  C20 C19 H43 119.7 
C19 C20 H60 119.8  C21 C20 H60 119.8 
C20 C21 H62 120.6  C22 C21 H62 120.6 
C21 C22 H64 119.2  C23 C22 H64 119.2 
C18 C23 H63 119.9  C22 C23 H63 119.9 
C24 C25 H24 119.5  C26 C25 H24 119.5 
C25 C26 H26 120.1  C27 C26 H26 120.1 
C26 C27 H35 120.2  C28 C27 H35 120.2 
C27 C28 H32 120.0  C29 C28 H32 120.0 
C24 C29 H29 119.6  C28 C29 H29 119.6 
C30 C31 H34 119.6  C32 C31 H34 119.6 
C31 C32 H36 120.0  C33 C32 H36 120.0 
C32 C33 H57 120.3  C34 C33 H57 120.3 
C33 C34 H50 119.5  C35 C34 H50 119.4 
C30 C35 H45 120.4  C34 C35 H45 120.4 
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Table 7. Torsion Angles(o) 
 (Those having bond angles > 160 or < 20 degrees are excluded.) 
 
atom1 atom2 atom3 atom4    angle  atom1 atom2 atom3 atom4    angle 
Rh2 Rh1 O1 C6 -13.9(3)   O1 Rh1 Rh2 O4 -171.57(11)  
O1 Rh1 Rh2 N2 100.48(11)   O1 Rh1 Rh2 N3 9.09(11)  
O1 Rh1 Rh2 N4 -82.82(11)   Rh2 Rh1 O2 C7 -17.4(3)  
O2 Rh1 Rh2 O4 99.50(13)   O2 Rh1 Rh2 N2 11.55(13)  
O2 Rh1 Rh2 N3 -79.84(13)   O2 Rh1 Rh2 N4 -171.75(13)  
Rh2 Rh1 O3 C5 -7.6(3)   O3 Rh1 Rh2 O4 -82.46(12)  
O3 Rh1 Rh2 N2 -170.41(12)   O3 Rh1 Rh2 N3 98.20(12)  
O3 Rh1 Rh2 N4 6.30(12)   Rh2 Rh1 N1 C4 -9.3(3)  
Rh2 Rh1 N1 C12 166.7(3)   N1 Rh1 Rh2 O4 9.48(13)  
N1 Rh1 Rh2 N2 -78.48(13)   N1 Rh1 Rh2 N3 -169.86(13)  
N1 Rh1 Rh2 N4 98.23(13)   O1 Rh1 O2 C7 -105.7(3)  
O2 Rh1 O1 C6 74.6(3)   O1 Rh1 O3 C5 80.7(3)  
O3 Rh1 O1 C6 -103.8(3)   O1 Rh1 N5 C1 91.6(4)  
O1 Rh1 N5 C3 -82.0(4)   N5 Rh1 O1 C6 165.1(3)  
O2 Rh1 N1 C4 -97.8(4)   O2 Rh1 N1 C12 78.2(3)  
N1 Rh1 O2 C7 69.1(4)   O2 Rh1 N5 C1 -179.5(5)  
O2 Rh1 N5 C3 6.9(4)   N5 Rh1 O2 C7 164.0(4)  
O3 Rh1 N1 C4 80.4(4)   O3 Rh1 N1 C12 -103.6(3)  
N1 Rh1 O3 C5 -94.1(3)   O3 Rh1 N5 C1 2.5(5)  
O3 Rh1 N5 C3 -171.1(4)   N5 Rh1 O3 C5 170.9(3)  
N1 Rh1 N5 C1 -89.5(5)   N1 Rh1 N5 C3 96.9(4)  
N5 Rh1 N1 C4 171.7(4)   N5 Rh1 N1 C12 -12.3(4)  
Rh1 Rh2 O4 C4 -12.8(3)   Rh1 Rh2 N2 C7 -9.9(4)  
Rh1 Rh2 N2 C18 159.8(3)   Rh1 Rh2 N3 C6 -7.8(3)  
Rh1 Rh2 N3 C24 166.5(3)   Rh1 Rh2 N4 C5 -7.4(4)  
Rh1 Rh2 N4 C30 176.9(3)   O4 Rh2 N2 C7 -99.8(4)  
O4 Rh2 N2 C18 69.9(4)   N2 Rh2 O4 C4 74.4(3)  
O4 Rh2 N4 C5 82.5(4)   O4 Rh2 N4 C30 -93.2(3)  
N4 Rh2 O4 C4 -99.0(3)   N2 Rh2 N3 C6 -94.9(4)  
N2 Rh2 N3 C24 79.4(3)   N3 Rh2 N2 C7 77.5(4)  
N3 Rh2 N2 C18 -112.9(4)   N3 Rh2 N4 C5 -94.6(4)  
N3 Rh2 N4 C30 89.6(3)   N4 Rh2 N3 C6 78.3(4)  
N4 Rh2 N3 C24 -107.3(3)   Rh1 O1 C6 N3 11.9(7)  
Rh1 O1 C6 C10 -170.3(3)   Rh1 O2 C7 N2 14.7(8)  
Rh1 O2 C7 C11 -167.0(3)   Rh1 O3 C5 N4 4.2(8)  
Rh1 O3 C5 C9 -176.5(3)   Rh2 O4 C4 N1 9.3(7)  
Rh2 O4 C4 C8 -170.1(3)   Rh1 N1 C4 O4 1.9(7)  
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Table 7. Torsion angles (o) (continued) 
 
atom1 atom2 atom3 atom4 angle  atom1 atom2 atom3 atom4 angle 
Rh1 N1 C4 C8 -178.7(3)   Rh1 N1 C12 C13 93.6(6)  
Rh1 N1 C12 C17 -83.9(6)   C4 N1 C12 C13 -90.4(7)  
C4 N1 C12 C17 92.1(7)   C12 N1 C4 O4 -174.1(5)  
C12 N1 C4 C8 5.3(8)   Rh2 N2 C7 O2 -0.7(8)  
Rh2 N2 C7 C11 -178.9(4)   Rh2 N2 C18 C19 -103.2(5)  
Rh2 N2 C18 C23 73.0(6)   C7 N2 C18 C19 66.2(8)  
C7 N2 C18 C23 -117.5(6)   C18 N2 C7 O2 -170.0(6)  
C18 N2 C7 C11 11.8(9)   Rh2 N3 C6 O1 -1.0(7)  
Rh2 N3 C6 C10 -178.6(3)   Rh2 N3 C24 C25 -111.6(5)  
Rh2 N3 C24 C29 62.5(6)   C6 N3 C24 C25 62.9(7)  
C6 N3 C24 C29 -123.0(6)   C24 N3 C6 O1 -175.1(5)  
C24 N3 C6 C10 7.2(8)   Rh2 N4 C5 O3 3.5(8)  
Rh2 N4 C5 C9 -175.7(4)   Rh2 N4 C30 C31 41.6(6)  
Rh2 N4 C30 C35 -131.1(4)   C5 N4 C30 C31 -134.1(6)  
C5 N4 C30 C35 53.3(8)   C30 N4 C5 O3 178.8(5)  
C30 N4 C5 C9 -0.4(9)   Rh1 N5 C1 C2 -174.4(4)  
Rh1 N5 C3 N6 174.8(4)   C1 N5 C3 N6 0.0(8)  
C3 N5 C1 C2 0.1(8)   C2 N6 C3 N5 -0.2(8)  
C3 N6 C2 C1 0.3(8)   N5 C1 C2 N6 -0.3(9)  
N1 C12 C13 C14 -178.9(6)   N1 C12 C17 C16 179.0(6)  
C13 C12 C17 C16 1.4(10)   C17 C12 C13 C14 -1.3(11)  
C12 C13 C14 C15 0.4(12)   C13 C14 C15 C16 0.4(13)  
C14 C15 C16 C17 -0.3(12)   C15 C16 C17 C12 -0.6(12)  
N2 C18 C19 C20 178.6(6)   N2 C18 C23 C22 -179.6(6)  
C19 C18 C23 C22 -3.2(12)   C23 C18 C19 C20 2.3(11)  
C18 C19 C20 C21 0.2(13)   C19 C20 C21 C22 -1.8(14)  
C20 C21 C22 C23 0.9(16)   C21 C22 C23 C18 1.7(16)  
N3 C24 C25 C26 176.6(5)   N3 C24 C29 C28 -176.4(5)  
C25 C24 C29 C28 -2.1(9)   C29 C24 C25 C26 2.4(9)  
C24 C25 C26 C27 -0.7(10)   C25 C26 C27 C28 -1.4(10)  
C26 C27 C28 C29 1.8(10)   C27 C28 C29 C24 0.0(10)  
N4 C30 C31 C32 -172.1(5)   N4 C30 C35 C34 171.7(5)  
C31 C30 C35 C34 -0.8(9)   C35 C30 C31 C32 0.9(8)  
C30 C31 C32 C33 -0.5(9)   C31 C32 C33 C34 0.1(11)  
C32 C33 C34 C35 0.0(11)   C33 C34 C35 C30 0.3(11)  
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Table 8. Possible hydrogen bonds 
 
Donor  H Acceptor  D...A D-H H...A   D-H...A 
 N6  H3   O11  2.794(7) 0.87 2.01   149.89   
 
 
 
Symmetry Operators: 
 
(1)  -X+2,-Y+2,-Z+1 
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Table 9. Intramolecular contacts less than 3.60 Å 
 
atom atom distance  atom atom distance 
Rh2 C23 3.599(8)  Rh2 C29 3.452(7)  
Rh2 C31 3.135(6)  O1 N4 3.504(7)  
O1 C5 3.427(8)  O1 C24 3.581(7)  
O2 N3 3.441(7)  O2 C3 3.073(7)  
O2 C6 3.345(8)  O2 C12 3.476(8)  
O2 C17 3.400(9)  O2 C18 3.593(7)  
O3 O4 3.594(6)  O3 C1 3.160(8)  
O3 C4 3.512(7)  O4 C5 3.465(7)  
O4 C12 3.584(7)  O4 C18 3.317(7)  
O4 C19 3.476(8)  O4 C30 3.581(7)  
O4 C31 3.314(7)  N1 N2 3.369(7)  
N1 C7 3.282(8)  N2 C4 3.277(8)  
N2 C24 3.507(8)  N3 C7 3.452(8)  
N4 C4 3.589(8)  N4 C6 3.500(8)  
N5 C12 3.067(9)  N5 C13 3.414(10)  
N5 C17 3.550(9)  C1 C13 3.526(12)  
C4 C13 3.240(10)  C4 C17 3.239(9)  
C5 C31 3.505(9)  C5 C35 3.099(9)  
C6 C25 3.082(8)  C6 C29 3.458(8)  
C7 C19 3.095(10)  C7 C23 3.435(11)  
C8 C12 2.829(10)  C8 C13 3.406(11)  
C8 C17 3.504(10)  C9 C30 2.927(8)  
C9 C35 3.085(9)  C10 C24 2.863(9)  
C10 C25 3.147(9)  C11 C18 2.903(10)  
C11 C19 3.260(11)  C12 C15 2.759(10)  
C13 C16 2.760(11)  C14 C17 2.731(11)  
C18 C21 2.769(10)  C19 C22 2.714(15)  
C20 C23 2.729(13)  C23 C25 3.587(11)  
C24 C27 2.775(9)  C25 C28 2.756(9)  
C26 C29 2.755(9)  C29 C30 3.547(8)  
C30 C33 2.769(9)  C31 C34 2.739(10)  
C32 C35 2.765(10)   
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Appendix D 
Experimental Details 3,1-[Rh2{N(C6H5)COCH3}4(C8N2H6)] 
Crystal Data  
 
 
 
Empirical Formula C36H35N5O4Rh2 
 
Formula Weight 807.51 
 
Crystal Color, Habit green, chunk 
 
Crystal Dimensions 0.320 X 0.310 X 0.160 mm 
 
Crystal System triclinic 
 
Lattice Type Primitive 
 
Lattice Parameters a =   8.296(1) Å 
 b =  14.160(2) Å 
 c =  15.482(2) Å 
 a =  81.480(6) o 
 b =  75.374(5) o 
 g =  82.005(6) o 
 V = 1730.4(4) Å3 
 
Space Group P-1 (#2) 
 
Z value 2 
 
Dcalc 1.550 g/cm3 
 
F000 816.00 
 
m(MoKa) 9.969 cm-1 
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Intensity Measurements  
 
 
 
Diffractometer XtaLAB mini 
 
Radiation MoKa (l = 0.71075 Å) 
 graphite monochromated 
 
Voltage, Current 50kV, 12mA 
 
Temperature 20.0oC 
 
Detector Aperture 75 mm (diameter) 
 
Data Images 540 exposures 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
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Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
Detector Position 50.00 mm 
 
Pixel Size 0.146 mm 
 
2qmax 55.0o 
 
No. of Reflections Measured Total: 17861 
 Unique: 7905 (Rint = 0.0427) 
 
Corrections Lorentz-polarization 
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Structure Solution and Refinement  
 
 
 
Structure Solution Patterson Methods (SHELX97) 
 
Refinement Full-matrix least-squares on F2 
 
Function Minimized S w (Fo2 - Fc2)2  
 
Least Squares Weights w = 1/ [ s2(Fo2) + (0.0000 . P)2  
  + 12.4809 .  P ] 
  where P = (Max(Fo2,0) + 2Fc2)/3 
 
2qmax cutoff 55.0o 
 
Anomalous Dispersion All non-hydrogen atoms 
 
No. Observations (All reflections) 7905 
 
No. Variables 424 
 
Reflection/Parameter Ratio 18.64 
 
Residuals: R1 (I>2.00s(I)) 0.0524 
 
Residuals: R (All reflections) 0.0720 
 
Residuals: wR2 (All reflections) 0.1336 
 
Goodness of Fit Indicator 1.181 
 
Max Shift/Error in Final Cycle 0.000 
 
Maximum peak in Final Diff. Map 0.67 e-/Å3 
 
Minimum peak in Final Diff. Map -0.84 e-/Å3 
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Table 1. Atomic coordinates and Biso/Beq 
 
atom    x    y    z  Beq 
Rh1     0.44398(6)  0.33429(3)  0.32938(3)  1.85(1) 
Rh2     0.44584(6)  0.19922(3)  0.25161(3)  1.88(1) 
O3      0.6067(6)  0.3896(3)  0.2151(3)  2.28(8) 
O4      0.2197(6)  0.2551(3)  0.2263(3)  2.55(8) 
O5      0.6432(6)  0.2628(3)  0.3762(3)  2.37(8) 
O20     0.2822(6)  0.2683(3)  0.4366(3)  2.24(8) 
N6      0.5553(7)  0.2780(4)  0.1361(4)  2.32(9) 
N9      0.3253(7)  0.1318(4)  0.3705(4)  2.06(9) 
N10     0.6724(7)  0.1533(4)  0.2789(4)  2.27(9) 
N11     0.2450(7)  0.3950(4)  0.2776(4)  2.23(9) 
N12     0.4800(7)  0.4602(4)  0.3947(4)  2.31(9) 
C7      0.2608(8)  0.1787(5)  0.4394(4)  2.1(1) 
C8      0.6143(8)  0.3570(5)  0.1406(5)  2.4(1) 
C13     0.5292(9)  0.5353(5)  0.3383(5)  2.6(2) 
C14     0.4764(8)  0.4608(5)  0.4843(4)  2.1(1) 
C15     0.4244(9)  0.3820(5)  0.5471(5)  2.7(2) 
C16     0.423(1)  0.3846(5)  0.6347(5)  3.2(2) 
C17     0.7274(8)  0.1915(5)  0.3362(5)  2.2(1) 
C18     0.8883(9)  0.1547(6)  0.3633(5)  2.9(2) 
C19     0.1525(9)  0.1381(5)  0.5258(5)  2.8(2) 
C21     0.1684(9)  0.3435(5)  0.2395(5)  2.6(2) 
C22     0.008(1)  0.3834(6)  0.2105(7)  4.0(2) 
C23     0.707(1)  0.4164(6)  0.0582(5)  3.7(2) 
C24     0.5308(9)  0.2528(5)  0.0556(5)  2.7(2) 
C25     0.429(2)  0.3107(7)  0.0075(6)  4.3(2) 
C26     0.593(1)  0.1619(6)  0.0299(6)  4.0(2) 
C27     0.557(2)  0.1338(8) -0.0446(7)  5.2(2) 
C28     0.461(2)  0.1956(9) -0.0947(6)  5.4(3) 
C29     0.396(2)  0.2836(8) -0.0673(6)  5.2(2) 
C30     0.923(1)  0.1074(6)  0.1643(5)  3.6(2) 
C31     1.024(1)  0.0400(7)  0.1127(6)  4.2(2) 
C32     0.982(1) -0.0515(7)  0.1225(7)  4.8(2) 
C33     0.841(2) -0.0788(7)  0.1865(7)  4.7(2) 
C34     0.738(1) -0.0106(5)  0.2383(6)  3.5(2) 
C35     0.7814(9)  0.0823(5)  0.2278(5)  2.6(2) 
C36     0.3132(8)  0.0332(5)  0.3696(5)  2.1(1) 
C37     0.2650(8)  0.0080(5)  0.2961(5)  2.5(1) 
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Table 1. Atomic coordinates and Biso/Beq (continued) 
 
atom    x    y    z  Beq 
C38     0.3596(9) -0.0389(5)  0.4316(5)  2.8(2) 
C39     0.364(1) -0.1349(5)  0.4210(5)  3.3(2) 
C40     0.317(1) -0.1599(6)  0.3477(6)  3.6(2) 
C41     0.265(1) -0.0883(5)  0.2873(5)  3.1(2) 
C42     0.1834(8)  0.4931(5)  0.2850(5)  2.5(1) 
C43     0.226(1)  0.5625(6)  0.2121(6)  3.5(2) 
C44     0.165(2)  0.6580(6)  0.2180(6)  4.5(2) 
C45     0.062(2)  0.6837(6)  0.2978(7)  4.4(2) 
C46     0.024(1)  0.6183(6)  0.3711(7)  4.4(2) 
C47     0.083(1)  0.5213(6)  0.3652(6)  3.5(2) 
 
Beq = 8/3 p2(U11(aa*)2 + U22(bb*)2 + U33(cc*)2 + 2U12(aa*bb*)cos g + 2U13(aa*cc*)cos b 
+ 2U23(bb*cc*)cos a) 
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Table 2. Anisotropic displacement parameters 
 
atom   U11   U22   U33   U12   U13   U23 
Rh1    0.0264(3) 0.0212(3) 0.0247(3) -0.0024(2) -0.0086(2) -0.0048(2) 
Rh2    0.0269(3) 0.0210(3) 0.0250(3) -0.0015(2) -0.0079(2) -0.0053(2) 
O3     0.032(3) 0.028(3) 0.027(3) -0.005(2) -0.006(2) -0.006(2) 
O4     0.031(3) 0.027(3) 0.045(3) -0.002(2) -0.018(2) -0.008(2) 
O5     0.032(3) 0.029(3) 0.031(3)  -0.002(2) -0.014(2) -0.003(2) 
O20    0.032(3) 0.025(3) 0.027(3) -0.004(2) -0.003(2) -0.009(2) 
N6     0.033(3) 0.031(3) 0.024(3)  -0.001(3) -0.007(3) -0.004(3) 
N9     0.026(3) 0.021(3) 0.032(3) -0.005(2) -0.010(3)  0.001(2) 
N10    0.030(3) 0.027(3) 0.029(3)  0.001(3) -0.009(3) -0.006(3) 
N11    0.030(3) 0.023(3) 0.034(3)  0.001(2) -0.010(3) -0.007(3) 
N12    0.034(3) 0.024(3) 0.035(3) -0.003(3) -0.014(3) -0.007(3) 
C7     0.027(3) 0.027(3) 0.027(3) -0.004(3) -0.009(3) -0.005(3) 
C8     0.028(4) 0.034(4) 0.029(4) -0.004(3) -0.012(3)  0.001(3) 
C13    0.043(4) 0.029(4) 0.029(4) -0.009(3) -0.013(3)  -0.003(3) 
C14    0.030(4) 0.023(3) 0.028(3)  0.001(3) -0.011(3) -0.006(3) 
C15    0.049(4) 0.024(4) 0.036(4) -0.007(3) -0.017(4) -0.006(3) 
C16    0.057(5) 0.030(4) 0.037(4) -0.014(4) -0.015(4) -0.005(3) 
C17    0.025(3) 0.028(4) 0.030(4) -0.004(3) -0.007(3)  0.002(3) 
C18    0.032(4) 0.044(4) 0.033(4)  0.001(3) -0.010(3)  -0.001(3) 
C19    0.043(4) 0.032(4) 0.032(4) -0.009(3)  -0.002(3) -0.008(3) 
C21    0.029(4) 0.036(4) 0.035(4)  -0.000(3) -0.013(3)  -0.002(3) 
C22    0.039(5) 0.040(5) 0.084(7)  0.002(4) -0.036(5) -0.010(4) 
C23    0.059(5) 0.050(5) 0.033(4) -0.020(4) -0.016(4)  0.007(4) 
C24    0.035(4) 0.035(4) 0.034(4) -0.008(3) -0.004(3) -0.006(3) 
C25    0.064(6) 0.059(6) 0.048(5)  0.000(5) -0.027(5) -0.014(4) 
C26    0.058(5) 0.053(5) 0.041(5)  0.001(4) -0.015(4) -0.013(4) 
C27    0.064(6) 0.075(7) 0.068(7) -0.005(5) -0.015(5) -0.041(6) 
C28    0.067(7) 0.103(9) 0.045(5) -0.020(6) -0.019(5) -0.025(6) 
C29    0.078(7) 0.078(7) 0.048(6)  -0.002(6) -0.034(5) -0.005(5) 
C30    0.043(5) 0.052(5) 0.035(4)  0.007(4) -0.006(4) -0.006(4) 
C31    0.042(5) 0.070(6) 0.041(5)  0.011(4)  -0.002(4) -0.011(4) 
C32    0.047(5) 0.075(7) 0.064(6)  0.022(5) -0.017(5) -0.043(5) 
C33    0.054(6) 0.043(5) 0.090(7)  0.014(4) -0.028(5) -0.032(5) 
C34    0.042(4) 0.033(4) 0.058(5)  -0.001(4) -0.012(4) -0.011(4) 
C35    0.032(4) 0.033(4) 0.035(4)  0.004(3) -0.012(3) -0.006(3) 
C36    0.027(3) 0.024(3) 0.031(4) -0.003(3) -0.007(3) -0.006(3) 
C37    0.032(4) 0.028(4) 0.038(4)  -0.000(3) -0.012(3) -0.009(3) 
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Table 2. Anisotropic displacement parameters (continued) 
 
atom   U11   U22   U33   U12   U13   U23 
C38    0.039(4) 0.036(4) 0.035(4) -0.004(3) -0.017(3) -0.004(3) 
C39    0.047(5) 0.029(4) 0.044(5)  -0.001(3) -0.009(4)  0.000(3) 
C40    0.058(5) 0.031(4) 0.048(5) -0.006(4) -0.010(4) -0.007(4) 
C41    0.046(4) 0.035(4) 0.043(4)  -0.001(4) -0.015(4) -0.016(3) 
C42    0.032(4) 0.025(4) 0.040(4)  -0.000(3) -0.015(3) -0.005(3) 
C43    0.051(5) 0.039(4) 0.042(5)  -0.003(4) -0.012(4)  -0.001(4) 
C44    0.077(7) 0.036(5) 0.055(6) -0.006(5) -0.015(5)  0.003(4) 
C45    0.060(6) 0.031(4) 0.081(7)  0.006(4) -0.027(5) -0.016(5) 
C46    0.054(5) 0.050(5) 0.060(6)  0.009(4) -0.007(5) -0.023(5) 
C47    0.050(5) 0.033(4) 0.045(5)  0.002(4)  -0.003(4) -0.005(4) 
 
 
The general temperature factor expression: exp(-2p2(a*2U11h2 + b*2U22k2 + c*2U33l2 + 
2a*b*U12hk + 2a*c*U13hl + 2b*c*U23kl)) 
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Table 3. Bond lengths (Å) 
 
atom atom distance  atom atom distance 
Rh1 Rh2 2.4027(8)  Rh1 O3 2.060(4)  
Rh1 O5 2.050(5)  Rh1 O20 2.048(4)  
Rh1 N11 2.044(6)  Rh1 N12 2.263(6)  
Rh2 O4 2.041(5)  Rh2 N6 2.034(5)  
Rh2 N9 2.029(5)  Rh2 N10 2.028(6)  
O3 C8 1.289(9)  O4 C21 1.294(8)  
O5 C17 1.289(8)  O20 C7 1.298(8)  
N6 C8 1.299(10)  N6 C24 1.414(10)  
N9 C7 1.299(9)  N9 C36 1.417(9)  
N10 C17 1.304(10)  N10 C35 1.441(9)  
N11 C21 1.315(11)  N11 C42 1.422(8)  
N12 C13 1.314(8)  N12 C14 1.382(9)  
C7 C19 1.496(9)  C8 C23 1.515(9)  
C13 C161 1.403(12)  C14 C141 1.413(10)  
C14 C15 1.406(9)  C15 C16 1.359(11)  
C17 C18 1.501(10)  C21 C22 1.516(11)  
C24 C25 1.370(12)  C24 C26 1.394(11)  
C25 C29 1.375(15)  C26 C27 1.383(15)  
C27 C28 1.387(15)  C28 C29 1.370(16)  
C30 C31 1.383(12)  C30 C35 1.380(10)  
C31 C32 1.364(15)  C32 C33 1.387(12)  
C33 C34 1.402(12)  C34 C35 1.387(11)  
C36 C37 1.405(11)  C36 C38 1.378(9)  
C37 C41 1.389(10)  C38 C39 1.388(11)  
C39 C40 1.394(13)  C40 C41 1.373(11)  
C42 C43 1.390(10)  C42 C47 1.387(10)  
C43 C44 1.383(11)  C44 C45 1.378(13)  
C45 C46 1.354(12)  C46 C47 1.402(11)  
 
 
Symmetry Operators: 
 
(1)  -X+1,-Y+1,-Z+1 
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Table 4. Bond lengths involving hydrogens (Å) 
 
atom atom distance  atom atom distance 
C13 H13 0.930  C15 H15 0.930  
C16 H16 0.930  C18 H18A 0.960  
C18 H18B 0.960  C18 H18C 0.960  
C19 H19A 0.960  C19 H19B 0.960  
C19 H19C 0.960  C22 H22A 0.960  
C22 H22B 0.960  C22 H22C 0.960  
C23 H23A 0.960  C23 H23B 0.960  
C23 H23C 0.960  C25 H25 0.930  
C26 H26 0.930  C27 H27 0.930  
C28 H28 0.930  C29 H29 0.930  
C30 H30 0.930  C31 H31 0.930  
C32 H32 0.930  C33 H33 0.930  
C34 H34 0.930  C37 H37 0.930  
C38 H38 0.930  C39 H39 0.930  
C40 H40 0.930  C41 H41 0.930  
C43 H43 0.930  C44 H44 0.930  
C45 H45 0.930  C46 H46 0.930  
C47 H47 0.930   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
238 
 
Table 5. Bond angles (o) 
 
atom atom atom angle  atom atom atom angle 
Rh2 Rh1 O3 87.22(14)  Rh2 Rh1 O5 88.56(14) 
Rh2 Rh1 O20 87.29(14)  Rh2 Rh1 N11 86.40(16) 
Rh2 Rh1 N12 172.26(14)  O3 Rh1 O5 89.96(17) 
O3 Rh1 O20 174.51(19)  O3 Rh1 N11 90.12(19) 
O3 Rh1 N12 87.06(19)  O5 Rh1 O20 89.95(17) 
O5 Rh1 N11 174.9(2)  O5 Rh1 N12 86.2(2) 
O20 Rh1 N11 89.48(19)  O20 Rh1 N12 98.41(19) 
N11 Rh1 N12 98.8(3)  Rh1 Rh2 O4 89.64(14) 
Rh1 Rh2 N6 87.88(17)  Rh1 Rh2 N9 87.84(16) 
Rh1 Rh2 N10 86.33(17)  O4 Rh2 N6 87.6(2) 
O4 Rh2 N9 89.52(19)  O4 Rh2 N10 175.8(2) 
N6 Rh2 N9 174.9(2)  N6 Rh2 N10 91.0(2) 
N9 Rh2 N10 91.5(2)  Rh1 O3 C8 118.1(4) 
Rh2 O4 C21 117.8(5)  Rh1 O5 C17 118.3(5) 
Rh1 O20 C7 120.4(4)  Rh2 N6 C8 119.3(5) 
Rh2 N6 C24 116.1(5)  C8 N6 C24 123.3(6) 
Rh2 N9 C7 121.0(4)  Rh2 N9 C36 114.5(4) 
C7 N9 C36 124.5(5)  Rh2 N10 C17 121.9(4) 
Rh2 N10 C35 118.8(5)  C17 N10 C35 119.1(6) 
Rh1 N11 C21 120.7(5)  Rh1 N11 C42 120.4(5) 
C21 N11 C42 118.9(6)  Rh1 N12 C13 114.8(5) 
Rh1 N12 C14 126.7(4)  C13 N12 C14 117.9(6) 
O20 C7 N9 121.2(5)  O20 C7 C19 114.2(6) 
N9 C7 C19 124.6(6)  O3 C8 N6 123.5(6) 
O3 C8 C23 113.7(7)  N6 C8 C23 122.6(7) 
N12 C13 C161 122.9(7)  N12 C14 C141 121.8(6) 
N12 C14 C15 119.9(7)  C141 C14 C15 118.3(6) 
C14 C15 C16 118.5(7)  C131 C16 C15 120.5(7) 
O5 C17 N10 121.8(6)  O5 C17 C18 114.8(7) 
N10 C17 C18 123.4(6)  O4 C21 N11 123.2(7) 
O4 C21 C22 114.9(7)  N11 C21 C22 121.8(7) 
N6 C24 C25 121.6(7)  N6 C24 C26 119.8(7) 
C25 C24 C26 118.1(8)  C24 C25 C29 121.9(9) 
C24 C26 C27 120.1(8)  C26 C27 C28 120.6(10) 
C27 C28 C29 118.9(11)  C25 C29 C28 120.3(10) 
C31 C30 C35 120.4(8)  C30 C31 C32 120.4(8) 
C31 C32 C33 120.2(9)  C32 C33 C34 119.5(9) 
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Table 5. Bond angles (o) (continued) 
 
atom atom atom angle  atom atom atom angle 
C33 C34 C35 119.7(7)  N10 C35 C30 120.5(7) 
N10 C35 C34 119.8(6)  C30 C35 C34 119.6(7) 
N9 C36 C37 117.1(6)  N9 C36 C38 124.0(7) 
C37 C36 C38 118.7(7)  C36 C37 C41 119.7(7) 
C36 C38 C39 121.1(8)  C38 C39 C40 120.1(7) 
C39 C40 C41 118.9(8)  C37 C41 C40 121.4(8) 
N11 C42 C43 120.2(6)  N11 C42 C47 120.8(6) 
C43 C42 C47 119.0(7)  C42 C43 C44 120.8(7) 
C43 C44 C45 119.0(8)  C44 C45 C46 121.6(8) 
C45 C46 C47 119.6(8)  C42 C47 C46 119.9(7) 
 
 
Symmetry Operators: 
 
(1)  -X+1,-Y+1,-Z+1 
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Table 6. Bond angles involving hydrogens (o) 
 
atom atom atom angle  atom atom atom angle 
N12 C13 H13 118.5  C161 C13 H13 118.5 
C14 C15 H15 120.7  C16 C15 H15 120.7 
C131 C16 H16 119.7  C15 C16 H16 119.7 
C17 C18 H18A 109.5  C17 C18 H18B 109.5 
C17 C18 H18C 109.5  H18A C18 H18B 109.5 
H18A C18 H18C 109.5  H18B C18 H18C 109.5 
C7 C19 H19A 109.5  C7 C19 H19B 109.5 
C7 C19 H19C 109.5  H19A C19 H19B 109.5 
H19A C19 H19C 109.5  H19B C19 H19C 109.5 
C21 C22 H22A 109.5  C21 C22 H22B 109.5 
C21 C22 H22C 109.5  H22A C22 H22B 109.5 
H22A C22 H22C 109.5  H22B C22 H22C 109.5 
C8 C23 H23A 109.5  C8 C23 H23B 109.5 
C8 C23 H23C 109.5  H23A C23 H23B 109.5 
H23A C23 H23C 109.5  H23B C23 H23C 109.5 
C24 C25 H25 119.1  C29 C25 H25 119.1 
C24 C26 H26 119.9  C27 C26 H26 119.9 
C26 C27 H27 119.7  C28 C27 H27 119.7 
C27 C28 H28 120.6  C29 C28 H28 120.5 
C25 C29 H29 119.9  C28 C29 H29 119.9 
C31 C30 H30 119.8  C35 C30 H30 119.8 
C30 C31 H31 119.8  C32 C31 H31 119.8 
C31 C32 H32 119.9  C33 C32 H32 119.9 
C32 C33 H33 120.2  C34 C33 H33 120.2 
C33 C34 H34 120.1  C35 C34 H34 120.2 
C36 C37 H37 120.2  C41 C37 H37 120.2 
C36 C38 H38 119.4  C39 C38 H38 119.4 
C38 C39 H39 120.0  C40 C39 H39 120.0 
C39 C40 H40 120.5  C41 C40 H40 120.5 
C37 C41 H41 119.3  C40 C41 H41 119.3 
C42 C43 H43 119.6  C44 C43 H43 119.6 
C43 C44 H44 120.5  C45 C44 H44 120.5 
C44 C45 H45 119.2  C46 C45 H45 119.2 
C45 C46 H46 120.2  C47 C46 H46 120.2 
C42 C47 H47 120.0  C46 C47 H47 120.1 
 
 
Symmetry Operators: 
 
(1)  -X+1,-Y+1,-Z+1 
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Table 7. Torsion Angles(o) 
 (Those having bond angles > 160 or < 20 degrees are excluded.) 
 
atom1 atom2 atom3 atom4    angle  atom1 atom2 atom3 atom4    angle 
Rh2 Rh1 O3 C8 19.6(3)   O3 Rh1 Rh2 O4 -101.27(13)  
O3 Rh1 Rh2 N6 -13.64(13)   O3 Rh1 Rh2 N9 169.20(13)  
O3 Rh1 Rh2 N10 77.53(13)   Rh2 Rh1 O5 C17 17.3(3)  
O5 Rh1 Rh2 O4 168.70(11)   O5 Rh1 Rh2 N6 -103.68(12)  
O5 Rh1 Rh2 N9 79.17(12)   O5 Rh1 Rh2 N10 -12.51(11)  
Rh2 Rh1 O20 C7 13.7(4)   O20 Rh1 Rh2 O4 78.68(13)  
O20 Rh1 Rh2 N6 166.30(13)   O20 Rh1 Rh2 N9 -10.86(13)  
O20 Rh1 Rh2 N10 -102.53(13)   Rh2 Rh1 N11 C21 12.2(4)  
Rh2 Rh1 N11 C42 -169.9(3)   N11 Rh1 Rh2 O4 -10.97(14)  
N11 Rh1 Rh2 N6 76.66(14)   N11 Rh1 Rh2 N9 -100.50(14)  
N11 Rh1 Rh2 N10 167.83(14)   O3 Rh1 O5 C17 -69.9(3)  
O5 Rh1 O3 C8 108.1(3)   O3 Rh1 N11 C21 99.5(4)  
O3 Rh1 N11 C42 -82.7(4)   N11 Rh1 O3 C8 -66.8(4)  
O3 Rh1 N12 C13 23.2(4)   O3 Rh1 N12 C14 -147.9(4)  
N12 Rh1 O3 C8 -165.6(4)   O5 Rh1 O20 C7 -74.9(4)  
O20 Rh1 O5 C17 104.6(3)   O5 Rh1 N12 C13 113.4(4)  
O5 Rh1 N12 C14 -57.8(4)   N12 Rh1 O5 C17 -157.0(3)  
O20 Rh1 N11 C21 -75.1(4)   O20 Rh1 N11 C42 102.8(4)  
N11 Rh1 O20 C7 100.1(4)   O20 Rh1 N12 C13 -157.2(4)  
O20 Rh1 N12 C14 31.6(4)   N12 Rh1 O20 C7 -161.1(4)  
N11 Rh1 N12 C13 -66.5(4)   N11 Rh1 N12 C14 122.4(4)  
N12 Rh1 N11 C21 -173.5(4)   N12 Rh1 N11 C42 4.3(4)  
Rh1 Rh2 O4 C21 13.5(3)   Rh1 Rh2 N6 C8 12.5(4)  
Rh1 Rh2 N6 C24 -154.8(3)   Rh1 Rh2 N9 C7 12.4(4)  
Rh1 Rh2 N9 C36 -170.0(4)   Rh1 Rh2 N10 C17 12.5(4)  
Rh1 Rh2 N10 C35 -162.1(3)   O4 Rh2 N6 C8 102.3(4)  
O4 Rh2 N6 C24 -65.1(4)   N6 Rh2 O4 C21 -74.4(4)  
O4 Rh2 N9 C7 -77.2(4)   O4 Rh2 N9 C36 100.3(4)  
N9 Rh2 O4 C21 101.3(4)   N6 Rh2 N10 C17 100.3(4)  
N6 Rh2 N10 C35 -74.3(4)   N10 Rh2 N6 C8 -73.8(4)  
N10 Rh2 N6 C24 118.9(4)   N9 Rh2 N10 C17 -75.2(4)  
N9 Rh2 N10 C35 110.2(4)   N10 Rh2 N9 C7 98.7(5)  
N10 Rh2 N9 C36 -83.8(4)   Rh1 O3 C8 N6 -15.8(8)  
Rh1 O3 C8 C23 167.4(3)   Rh2 O4 C21 N11 -7.9(8)  
Rh2 O4 C21 C22 174.1(3)   Rh1 O5 C17 N10 -12.7(7)  
Rh1 O5 C17 C18 169.4(3)   Rh1 O20 C7 N9 -8.1(8)  
Rh1 O20 C7 C19 174.1(3)   Rh2 N6 C8 O3 -0.5(9)  
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Table 7. Torsion angles (o) (continued) 
 
atom1 atom2 atom3 atom4 angle  atom1 atom2 atom3 atom4 angle 
Rh2 N6 C8 C23 176.0(4)   Rh2 N6 C24 C25 108.7(6)  
Rh2 N6 C24 C26 -62.9(7)   C8 N6 C24 C25 -58.1(9)  
C8 N6 C24 C26 130.3(6)   C24 N6 C8 O3 165.9(6)  
C24 N6 C8 C23 -17.6(9)   Rh2 N9 C7 O20 -5.3(9)  
Rh2 N9 C7 C19 172.2(4)   Rh2 N9 C36 C37 -45.3(6)  
Rh2 N9 C36 C38 128.8(5)   C7 N9 C36 C37 132.2(6)  
C7 N9 C36 C38 -53.8(9)   C36 N9 C7 O20 177.4(6)  
C36 N9 C7 C19 -5.0(10)   Rh2 N10 C17 O5 -2.5(8)  
Rh2 N10 C17 C18 175.2(4)   Rh2 N10 C35 C30 107.6(6)  
Rh2 N10 C35 C34 -68.1(7)   C17 N10 C35 C30 -67.1(8)  
C17 N10 C35 C34 117.2(7)   C35 N10 C17 O5 172.1(5)  
C35 N10 C17 C18 -10.2(8)   Rh1 N11 C21 O4 -5.3(8)  
Rh1 N11 C21 C22 172.7(4)   Rh1 N11 C42 C43 100.9(7)  
Rh1 N11 C42 C47 -77.8(7)   C21 N11 C42 C43 -81.2(8)  
C21 N11 C42 C47 100.1(8)   C42 N11 C21 O4 176.8(5)  
C42 N11 C21 C22 -5.2(8)   Rh1 N12 C13 C161 -172.3(4)  
Rh1 N12 C14 C141 171.0(4)   Rh1 N12 C14 C15 -9.2(8)  
C13 N12 C14 C141 0.1(9)   C13 N12 C14 C15 179.9(5)  
C14 N12 C13 C161 -0.3(9)   N12 C13 C161 C151 0.7(11)  
N12 C14 C141 N121 180(443239)   N12 C14 C141 C151 -0.2(9)  
N12 C14 C15 C16 179.6(5)   C141 C14 C15 C16 -0.6(9)  
C15 C14 C141 N121 0.2(9)   C15 C14 C141 C151 -180(502700)  
C14 C15 C16 C131 0.8(10)   N6 C24 C25 C29 -175.5(6)  
N6 C24 C26 C27 174.6(6)   C25 C24 C26 C27 2.7(11)  
C26 C24 C25 C29 -3.7(11)   C24 C25 C29 C28 1.7(14)  
C24 C26 C27 C28 0.3(13)   C26 C27 C28 C29 -2.4(14)  
C27 C28 C29 C25 1.4(14)   C31 C30 C35 N10 -177.4(7)  
C31 C30 C35 C34 -1.6(12)   C35 C30 C31 C32 1.6(13)  
C30 C31 C32 C33 -2.1(14)   C31 C32 C33 C34 2.6(15)  
C32 C33 C34 C35 -2.6(15)   C33 C34 C35 N10 177.9(8)  
C33 C34 C35 C30 2.1(13)   N9 C36 C37 C41 174.3(5)  
N9 C36 C38 C39 -172.2(5)   C37 C36 C38 C39 1.8(9)  
C38 C36 C37 C41 -0.1(9)   C36 C37 C41 C40 -2.1(10)  
C36 C38 C39 C40 -1.3(10)   C38 C39 C40 C41 -0.8(11)  
C39 C40 C41 C37 2.6(11)   N11 C42 C43 C44 179.1(7)  
N11 C42 C47 C46 -179.9(7)   C43 C42 C47 C46 1.4(12)  
C47 C42 C43 C44 -2.1(13)   C42 C43 C44 C45 0.6(15)  
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Table 7. Torsion angles (o) (continued) 
 
atom1 atom2 atom3 atom4 angle  atom1 atom2 atom3 atom4 angle 
C43 C44 C45 C46 1.8(16)   C44 C45 C46 C47 -2.6(16)  
C45 C46 C47 C42 1.0(14)  
 
 
Symmetry Operators: 
 
(1)  -X+1,-Y+1,-Z+1 
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Table 8. Intramolecular contacts less than 3.60 Å 
 
atom atom distance  atom atom distance 
Rh1 C15 3.495(8)  Rh2 C26 3.434(8)  
Rh2 C34 3.559(7)  Rh2 C37 3.181(7)  
O3 N10 3.355(7)  O3 C13 2.913(9)  
O3 C17 3.316(8)  O3 C24 3.576(10)  
O3 C42 3.573(8)  O4 O20 3.460(7)  
O4 C7 3.403(8)  O4 C24 3.194(8)  
O4 C25 3.426(9)  O4 C37 3.504(8)  
O4 C42 3.572(9)  O5 N9 3.453(8)  
O5 C7 3.402(8)  O5 C14 3.424(8)  
O5 C15 3.346(8)  O5 C35 3.566(9)  
O20 C15 3.045(10)  O20 C21 3.399(9)  
O20 C36 3.589(8)  N6 N11 3.349(7)  
N6 C21 3.278(8)  N6 C35 3.457(9)  
N9 C17 3.446(9)  N10 C8 3.382(8)  
N10 C36 3.513(9)  N11 C8 3.282(8)  
N12 C151 2.809(10)  N12 C42 3.272(10)  
N12 C47 3.411(10)  C7 C37 3.507(11)  
C7 C38 3.090(10)  C8 C25 3.049(13)  
C8 C26 3.505(12)  C13 C141 2.743(10)  
C13 C15 3.598(9)  C13 C42 3.329(11)  
C13 C43 3.506(12)  C14 C161 2.725(9)  
C17 C30 3.059(10)  C17 C34 3.411(11)  
C18 C30 3.183(11)  C18 C35 2.839(12)  
C19 C36 2.952(10)  C19 C38 3.159(10)  
C21 C43 3.153(11)  C21 C47 3.299(11)  
C22 C42 2.803(13)  C22 C43 3.317(13)  
C22 C47 3.523(14)  C23 C24 2.918(12)  
C23 C25 3.224(15)  C24 C28 2.789(14)  
C25 C27 2.734(14)  C26 C29 2.754(14)  
C30 C33 2.763(13)  C31 C34 2.766(11)  
C32 C35 2.773(12)  C36 C40 2.800(11)  
C37 C39 2.772(10)  C38 C41 2.754(12)  
C42 C45 2.763(10)  C43 C46 2.760(12)  
C44 C47 2.771(11)   
 
 
Symmetry Operators: 
 
(1)  -X+1,-Y+1,-Z+1 
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Appendix E 
Experimental Details 3,1-[Rh2{N(C6H5)COCH3}4(C5N2H5)] 
Crystal Data  
 
 
 
Empirical Formula C37H31N5O4Rh2 
 
Formula Weight 815.49 
 
Crystal Color, Habit red, chunk 
 
Crystal Dimensions 0.320 X 0.210 X 0.190 mm 
 
Crystal System triclinic 
 
Lattice Type Primitive 
 
Lattice Parameters a =   8.281(2) Å 
 b =  12.757(4) Å 
 c =  17.601(5) Å 
 a = 108.918(8) o 
 b =  96.790(7) o 
 g =  93.803(7) o 
 V = 1735.8(8) Å3 
 
Space Group P-1 (#2) 
 
Z value 2 
 
Dcalc 1.560 g/cm3 
 
F000 820.00 
 
m(MoKa) 9.949 cm-1 
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Intensity Measurements 
 
 
 
Diffractometer XtaLAB mini 
 
Radiation MoKa (l = 0.71075 Å) 
 graphite monochromated 
 
Voltage, Current 50kV, 12mA 
 
Temperature 20.0oC 
 
Detector Aperture 75 mm (diameter) 
 
Data Images 540 exposures 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.50o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.29o 
 
w oscillation Range  -60.0 - 120.0o 
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Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.29o 
 
w oscillation Range  -60.0 - 120.0o 
 
Exposure Rate  15.0 sec./o 
 
Detector Swing Angle 29.29o 
 
Detector Position 50.00 mm 
 
Pixel Size 0.146 mm 
 
2qmax 55.0o 
 
No. of Reflections Measured Total: 16733 
 Unique: 7765 (Rint = 0.0734) 
 
Corrections Lorentz-polarization 
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Structure Solution and Refinement  
 
 
 
Structure Solution Direct Methods (SHELX97) 
 
Refinement Full-matrix least-squares on F2 
 
Function Minimized S w (Fo2 - Fc2)2  
 
Least Squares Weights w = 1/ [ s2(Fo2) + (0.0276 . P)2  
  + 17.8146 .  P ] 
  where P = (Max(Fo2,0) + 2Fc2)/3 
 
2qmax cutoff 55.0o 
 
Anomalous Dispersion All non-hydrogen atoms 
 
No. Observations (All reflections) 9646 
 
No. Variables 437 
 
Reflection/Parameter Ratio 22.07 
 
Residuals: R1 (I>2.00s(I)) 0.0734 
 
Residuals: R (All reflections) 0.1170 
 
Residuals: wR2 (All reflections) 0.1778 
 
Goodness of Fit Indicator 1.110 
 
Max Shift/Error in Final Cycle 1.154 
 
Maximum peak in Final Diff. Map 0.76 e-/Å3 
 
Minimum peak in Final Diff. Map -0.93 e-/Å3 
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Table 1. Atomic coordinates and Biso/Beq 
 
atom    x    y    z  Beq 
Rh1     0.15678(8)  0.23040(6)  0.28596(4)  2.02(2) 
Rh2     0.19743(8)  0.32520(5)  0.19066(4)  2.03(2) 
O34     0.4429(8)  0.3629(6)  0.2403(4)  2.6(2) 
O35    -0.0743(8)  0.1758(6)  0.2271(4)  2.8(2) 
O36     0.0836(8)  0.3730(5)  0.3599(4)  2.5(1) 
O37     0.2324(8)  0.0921(5)  0.2099(4)  2.5(1) 
N4      0.103(1)  0.1446(6)  0.3676(5)  2.4(2) 
N30     0.151(1)  0.4686(6)  0.2772(5)  2.6(2) 
N31     0.2435(9)  0.1752(6)  0.1141(5)  2.3(2) 
N32    -0.0463(9)  0.2863(7)  0.1489(5)  2.4(2) 
N33     0.3924(9)  0.2877(7)  0.3369(5)  2.5(2) 
N49    -0.07(4)  0.35(3)  0.06(2)  158(25) 
C3      0.543(2)  0.208(2)  0.545(1)  7.7(5) 
C5      0.262(2)  0.1678(8)  0.0328(6)  2.5(2) 
C6      0.370(2)  0.2461(8)  0.0208(6)  2.9(2) 
C7      0.165(2)  0.0932(9) -0.0343(6)  3.4(2) 
C8      0.385(2)  0.2461(9) -0.0557(7)  3.6(2) 
C9      0.291(2)  0.1708(9) -0.1233(7)  3.7(2) 
C10     0.178(2)  0.093(1) -0.1123(7)  3.9(2) 
C11    -0.122(1)  0.3470(8)  0.1021(6)  2.6(2) 
C12    -0.073(2)  0.3399(9)  0.0280(6)  3.4(2) 
C13    -0.238(2)  0.4179(8)  0.1304(6)  3.0(2) 
C14    -0.305(2)  0.4805(9)  0.0860(7)  3.5(2) 
C15    -0.259(2)  0.4733(9)  0.0119(7)  3.8(2) 
C16    -0.142(2)  0.402(1) -0.0168(7)  4.3(3) 
C17    -0.133(2)  0.2174(8)  0.1740(6)  2.8(2) 
C18    -0.311(2)  0.1764(8)  0.1385(6)  3.2(2) 
C19     0.491(2)  0.3420(9)  0.3051(6)  2.9(2) 
C20     0.665(2)  0.381(1)  0.3438(6)  3.7(2) 
C21     0.258(2)  0.0880(8)  0.1387(6)  2.6(2) 
C22     0.315(2) -0.0190(8)  0.0896(6)  3.0(2) 
C23     0.107(1)  0.4642(8)  0.3444(6)  2.3(2) 
C24     0.080(2)  0.5668(8)  0.4129(6)  3.2(2) 
C25     0.042(2)  0.1931(9)  0.4340(7)  5.1(3) 
C26     0.001(2)  0.1391(9)  0.4869(8)  5.8(4) 
C27     0.021(2)  0.0309(8)  0.4730(6)  2.4(2) 
C28     0.087(2) -0.0183(9)  0.4012(7)  5.2(4) 
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Table 1. Atomic coordinates and Biso/Beq (continued) 
 
atom    x    y    z  Beq 
C29     0.122(2)  0.0398(9)  0.3537(7)  4.6(3) 
C38     0.179(2)  0.5701(8)  0.2607(6)  2.9(2) 
C39     0.332(2)  0.6001(9)  0.2424(7)  4.1(3) 
C40     0.358(2)  0.698(1)  0.2256(8)  5.2(3) 
C41     0.238(3)  0.765(1)  0.2233(8)  6.9(5) 
C42     0.515(2)  0.168(2)  0.403(1)  7.0(4) 
C43     0.449(2)  0.263(1)  0.4090(6)  3.4(2) 
C44     0.437(2)  0.333(2)  0.4822(8)  5.9(4) 
C45     0.476(3)  0.305(2)  0.5513(9)  8.2(5) 
C46     0.053(2)  0.6359(9)  0.2548(7)  4.0(3) 
C47     0.085(2)  0.733(1)  0.2358(8)  5.2(3) 
C48     0.560(3)  0.138(2)  0.473(1)  7.7(5) 
 
Beq = 8/3 p2(U11(aa*)2 + U22(bb*)2 + U33(cc*)2 + 2U12(aa*bb*)cos g + 2U13(aa*cc*)cos b 
+ 2U23(bb*cc*)cos a) 
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Table 2. Anisotropic displacement parameters 
 
atom   U11   U22   U33   U12   U13   U23 
Rh1    0.0288(4) 0.0253(4) 0.0251(4)  0.0052(3)  0.0059(3)  0.01(1) 
Rh2    0.0286(4) 0.0256(4) 0.0253(4)  0.0048(3)  0.0057(3)  0.01(1) 
O34    0.030(4) 0.037(4) 0.033(4)  -0.001(3)  0.002(3)  0.01(2) 
O35    0.029(4) 0.036(4) 0.040(4)  0.004(3)  0.001(3)  0.01(2) 
O36    0.038(4) 0.031(4) 0.030(4)  0.009(3)  0.013(3)  0.01(2) 
O37    0.043(4) 0.026(4) 0.029(4)  0.012(3)  0.012(3)  0.009(9) 
N4     0.039(5) 0.028(4) 0.030(4)  0.006(4)  0.009(4)  0.02(2) 
N30    0.037(5) 0.028(4) 0.037(5)  0.005(4)  0.005(4)  0.02(2) 
N31    0.035(5) 0.026(4) 0.029(4)  0.006(4)  0.004(4)  0.01(2) 
N32    0.030(4) 0.032(4) 0.034(4)  0.010(4)  0.000(4)  0.02(2) 
N33    0.026(4) 0.038(5) 0.035(5)  0.003(4)  -0.002(4)  0.02(2) 
C3     0.07(1) 0.16(2) 0.09(2) -0.01(1) -0.021(9)  0.09(9) 
C5     0.040(6) 0.026(5) 0.036(5)  0.017(4)  0.013(5)  0.01(2) 
C6     0.037(6) 0.039(6) 0.036(5)  0.001(5)  0.005(5)  0.02(2) 
C7     0.050(7) 0.039(6) 0.041(6)  0.002(5)  0.009(5)  0.02(2) 
C8     0.046(7) 0.049(7) 0.050(7)  0.009(5)  0.015(5)  0.03(3) 
C9     0.058(7) 0.052(7) 0.040(6)  0.020(6)  0.012(5)  0.02(3) 
C10    0.057(7) 0.050(7) 0.036(6)  -0.000(6)  0.001(5)  0.01(2) 
C11    0.028(5) 0.037(5) 0.038(5)  0.001(4)  -0.002(4)  0.02(2) 
C12    0.048(6) 0.054(7) 0.032(5)  0.009(5)  0.006(5)  0.02(2) 
C13    0.036(6) 0.040(6) 0.044(6)  0.012(5)  0.008(5)  0.02(2) 
C14    0.042(6) 0.038(6) 0.057(7)  0.011(5)  0.007(5)  0.02(3) 
C15    0.052(7) 0.044(6) 0.053(7)  0.010(5)  -0.004(6)  0.03(3) 
C16    0.067(8) 0.056(7) 0.041(6)  -0.006(6)  0.004(6)  0.02(3) 
C17    0.042(6) 0.023(5) 0.036(6)  -0.002(4)  0.009(5)  0.004(4) 
C18    0.038(6) 0.035(6) 0.045(6)  -0.003(5)  -0.003(5)  0.01(2) 
C19    0.033(6) 0.043(6) 0.034(5)  0.010(5)  0.010(5)  0.01(2) 
C20    0.029(6) 0.074(8) 0.036(6) -0.007(5)  -0.003(5)  0.02(2) 
C21    0.041(6) 0.032(5) 0.029(5)  0.008(4)  0.015(4)  0.01(2) 
C22    0.040(6) 0.035(5) 0.039(6)  0.012(5)  0.016(5)  0.009(9) 
C23    0.028(5) 0.028(5) 0.028(5)  -0.000(4)  0.005(4)  0.006(7) 
C24    0.058(7) 0.028(5) 0.032(5)  0.005(5)  0.011(5)  0.004(4) 
C25    0.13(2) 0.027(5) 0.062(8)  0.030(7)  0.067(8)  0.03(3) 
C26    0.15(2) 0.036(6) 0.067(8)  0.053(8)  0.088(9)  0.03(4) 
C27    0.041(6) 0.030(5) 0.028(5)  0.003(4)  0.012(4)  0.02(2) 
C28    0.14(2) 0.027(6) 0.049(7)  0.021(7)  0.052(8)  0.02(2) 
C29    0.11(1) 0.031(6) 0.043(6)  0.029(6)  0.048(7)  0.01(2) 
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Table 2. Anisotropic displacement parameters (continued) 
 
atom   U11   U22   U33   U12   U13   U23 
C38    0.057(7) 0.025(5) 0.031(5)  0.004(5)  0.006(5)  0.01(2) 
C39    0.068(8) 0.039(6) 0.053(7)  -0.002(6)  0.020(6)  0.02(2) 
C40    0.10(1) 0.049(8) 0.051(7) -0.019(8)  0.014(7)  0.02(2) 
C41    0.19(2) 0.033(7) 0.047(8)  0.00(1)  0.03(1)  0.02(2) 
C42    0.11(2) 0.10(2) 0.07(1)  0.03(1) -0.023(9)  0.05(5) 
C43    0.038(6) 0.065(8) 0.031(5)  -0.004(5) -0.007(5)  0.03(3) 
C44    0.10(1) 0.09(1) 0.040(7)  0.022(9)  0.001(7)  0.03(3) 
C45    0.10(2) 0.18(2) 0.048(9)  0.02(2)  -0.002(9)  0.05(6) 
C46    0.071(8) 0.033(6) 0.051(7)  0.016(6)  0.008(6)  0.02(2) 
C47    0.10(1) 0.037(7) 0.051(8)  0.023(7) -0.014(8)  0.01(2) 
C48    0.11(2) 0.11(2) 0.09(2)  0.02(1) -0.03(1)  0.06(7) 
 
 
The general temperature factor expression: exp(-2p2(a*2U11h2 + b*2U22k2 + c*2U33l2 + 
2a*b*U12hk + 2a*c*U13hl + 2b*c*U23kl)) 
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Table 3. Bond lengths (Å) 
 
atom atom distance  atom atom distance 
Rh1 Rh2 2.4051(13)  Rh1 O35 2.027(6)  
Rh1 O36 2.041(6)  Rh1 O37 2.027(6)  
Rh1 N4 2.137(9)  Rh1 N33 2.029(7)  
Rh2 O34 2.075(6)  Rh2 N30 2.059(7)  
Rh2 N31 2.042(7)  Rh2 N32 2.035(7)  
O34 C19 1.278(13)  O35 C17 1.281(14)  
O36 C23 1.287(13)  O37 C21 1.279(12)  
N4 C25 1.312(15)  N4 C29 1.302(14)  
N30 C23 1.295(14)  N30 C38 1.426(14)  
N31 C5 1.431(13)  N31 C21 1.326(14)  
N32 C11 1.425(14)  N32 C17 1.314(14)  
N33 C19 1.320(15)  N33 C43 1.437(15)  
N49 C11 0.9(4)  N49 C12 0.6(4) 
N49 C16 1.8(4)  C3 C45 1.37(4)  
C3 C48 1.33(3)  C5 C6 1.376(15)  
C5 C7 1.377(12)  C6 C8 1.367(16)  
C7 C10 1.390(17)  C8 C9 1.371(13)  
C9 C10 1.392(18)  C11 C12 1.388(16)  
C11 C13 1.386(14)  C12 C16 1.391(19)  
C13 C14 1.384(17)  C14 C15 1.378(18)  
C15 C16 1.397(17)  C17 C18 1.513(13)  
C19 C20 1.495(13)  C21 C22 1.500(13)  
C23 C24 1.515(12)  C25 C26 1.39(2)  
C26 C27 1.348(15)  C27 C271 1.476(15)  
C27 C28 1.410(16)  C28 C29 1.327(19)  
C38 C39 1.403(17)  C38 C46 1.392(17)  
C39 C40 1.387(19)  C40 C41 1.35(3)  
C41 C47 1.37(3)  C42 C43 1.34(3)  
C42 C48 1.42(3)  C43 C44 1.325(16)  
C44 C45 1.38(3)  C46 C47 1.399(19)  
 
 
Symmetry Operators: 
 
(1)  -X,-Y,-Z+1 
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Table 4. Bond lengths involving hydrogens (Å) 
 
atom atom distance  atom atom distance 
N49 H12 1.223  C3 H3 0.930  
C6 H6 0.930  C7 H7 0.930  
C8 H8 0.930  C9 H9 0.930  
C10 H10 0.930  C12 H12 0.930  
C13 H13 0.930  C14 H14 0.930  
C15 H15 0.930  C16 H16 0.930  
C18 H18A 0.960  C18 H18B 0.960  
C18 H18C 0.960  C20 H20A 0.960  
C20 H20B 0.960  C20 H20C 0.960  
C22 H22A 0.960  C22 H22B 0.960  
C22 H22C 0.960  C24 H24A 0.960  
C24 H24B 0.960  C24 H24C 0.960  
C25 H25 0.930  C26 H26 0.930  
C28 H28 0.930  C29 H29 0.930  
C39 H39 0.930  C40 H40 0.930  
C41 H41 0.930  C42 H42 0.930  
C44 H44 0.930  C45 H45 0.930  
C46 H46 0.930  C47 H47 0.930  
C48 H48 0.930   
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Table 5. Bond angles (o) 
 
atom atom atom angle  atom atom atom angle 
Rh2 Rh1 O35 88.7(3)  Rh2 Rh1 O36 88.5(2) 
Rh2 Rh1 O37 89.3(2)  Rh2 Rh1 N4 176.1(2) 
Rh2 Rh1 N33 86.9(3)  O35 Rh1 O36 91.8(3) 
O35 Rh1 O37 88.6(3)  O35 Rh1 N4 87.5(3) 
O35 Rh1 N33 175.4(4)  O36 Rh1 O37 177.8(3) 
O36 Rh1 N4 90.7(3)  O36 Rh1 N33 89.5(3) 
O37 Rh1 N4 91.4(3)  O37 Rh1 N33 90.0(3) 
N4 Rh1 N33 96.9(4)  Rh1 Rh2 O34 89.0(2) 
Rh1 Rh2 N30 87.5(3)  Rh1 Rh2 N31 86.6(3) 
Rh1 Rh2 N32 87.3(3)  O34 Rh2 N30 88.4(3) 
O34 Rh2 N31 90.6(3)  O34 Rh2 N32 176.1(4) 
N30 Rh2 N31 174.0(4)  N30 Rh2 N32 90.1(3) 
N31 Rh2 N32 90.5(3)  Rh2 O34 C19 118.9(7) 
Rh1 O35 C17 119.4(6)  Rh1 O36 C23 119.3(6) 
Rh1 O37 C21 120.5(7)  Rh1 N4 C25 121.9(8) 
Rh1 N4 C29 122.9(8)  C25 N4 C29 115.2(11) 
Rh2 N30 C23 119.8(7)  Rh2 N30 C38 116.8(7) 
C23 N30 C38 123.3(8)  Rh2 N31 C5 117.6(7) 
Rh2 N31 C21 121.5(7)  C5 N31 C21 120.9(8) 
Rh2 N32 C11 118.3(6)  Rh2 N32 C17 119.8(7) 
C11 N32 C17 121.3(8)  Rh1 N33 C19 122.6(7) 
Rh1 N33 C43 116.4(7)  C19 N33 C43 121.0(8) 
C11 N49 C12 144(49)  C11 N49 C16 124(29) 
C12 N49 C16 38(29)  C45 C3 C48 120(2) 
N31 C5 C6 118.9(7)  N31 C5 C7 122.6(10) 
C6 C5 C7 118.0(10)  C5 C6 C8 120.9(8) 
C5 C7 C10 121.5(11)  C6 C8 C9 121.8(11) 
C8 C9 C10 118.2(11)  C7 C10 C9 119.5(9) 
N32 C11 N49 112(23)  N32 C11 C12 119.4(9) 
N32 C11 C13 121.8(10)  N49 C11 C12 13(19) 
N49 C11 C13 124(23)  C12 C11 C13 118.7(11) 
N49 C12 C11 22(34)  N49 C12 C16 128(36) 
C11 C12 C16 119.9(11)  C11 C13 C14 121.1(11) 
C13 C14 C15 120.8(10)  C14 C15 C16 118.2(12) 
N49 C16 C12 14(10)  N49 C16 C15 108(11) 
C12 C16 C15 121.2(12)  O35 C17 N32 123.4(9) 
O35 C17 C18 114.6(10)  N32 C17 C18 121.9(10) 
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Table 5. Bond angles (o) (continued) 
 
atom atom atom angle  atom atom atom angle 
O34 C19 N33 121.8(8)  O34 C19 C20 117.4(10) 
N33 C19 C20 120.8(10)  O37 C21 N31 121.3(8) 
O37 C21 C22 114.6(10)  N31 C21 C22 124.0(9) 
O36 C23 N30 123.6(8)  O36 C23 C24 113.5(9) 
N30 C23 C24 122.9(9)  N4 C25 C26 123.6(11) 
C25 C26 C27 121.4(12)  C26 C27 C271 123.8(10) 
C26 C27 C28 113.3(11)  C271 C27 C28 122.9(9) 
C27 C28 C29 121.1(11)  N4 C29 C28 125.4(11) 
N30 C38 C39 119.5(10)  N30 C38 C46 121.8(10) 
C39 C38 C46 118.5(11)  C38 C39 C40 119.4(12) 
C39 C40 C41 122.2(15)  C40 C41 C47 119.0(14) 
C43 C42 C48 120.7(14)  N33 C43 C42 119.8(10) 
N33 C43 C44 121.3(12)  C42 C43 C44 118.9(14) 
C43 C44 C45 121.7(16)  C3 C45 C44 119.5(15) 
C38 C46 C47 119.8(13)  C41 C47 C46 120.9(14) 
C3 C48 C42 119.3(19) 
 
 
Symmetry Operators: 
 
(1)  -X,-Y,-Z+1 
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Table 6. Bond angles involving hydrogens (o) 
 
atom atom atom angle  atom atom atom angle 
C11 N49 H12 143.9  C12 N49 H12 46.2 
C16 N49 H12 82.3  C45 C3 H3 120.2 
C48 C3 H3 120.2  C5 C6 H6 119.6 
C8 C6 H6 119.6  C5 C7 H7 119.2 
C10 C7 H7 119.2  C6 C8 H8 119.1 
C9 C8 H8 119.1  C8 C9 H9 120.9 
C10 C9 H9 120.9  C7 C10 H10 120.2 
C9 C10 H10 120.3  N49 C12 H12 108.3 
C11 C12 H12 120.0  C16 C12 H12 120.1 
C11 C13 H13 119.4  C14 C13 H13 119.4 
C13 C14 H14 119.6  C15 C14 H14 119.6 
C14 C15 H15 120.9  C16 C15 H15 120.9 
N49 C16 H16 132.1  C12 C16 H16 119.4 
C15 C16 H16 119.4  C17 C18 H18A 109.5 
C17 C18 H18B 109.5  C17 C18 H18C 109.5 
H18A C18 H18B 109.5  H18A C18 H18C 109.5 
H18B C18 H18C 109.5  C19 C20 H20A 109.5 
C19 C20 H20B 109.5  C19 C20 H20C 109.5 
H20A C20 H20B 109.5  H20A C20 H20C 109.5 
H20B C20 H20C 109.5  C21 C22 H22A 109.5 
C21 C22 H22B 109.5  C21 C22 H22C 109.5 
H22A C22 H22B 109.5  H22A C22 H22C 109.5 
H22B C22 H22C 109.5  C23 C24 H24A 109.5 
C23 C24 H24B 109.5  C23 C24 H24C 109.5 
H24A C24 H24B 109.5  H24A C24 H24C 109.5 
H24B C24 H24C 109.5  N4 C25 H25 118.2 
C26 C25 H25 118.2  C25 C26 H26 119.3 
C27 C26 H26 119.3  C27 C28 H28 119.4 
C29 C28 H28 119.5  N4 C29 H29 117.3 
C28 C29 H29 117.3  C38 C39 H39 120.3 
C40 C39 H39 120.3  C39 C40 H40 118.9 
C41 C40 H40 118.9  C40 C41 H41 120.5 
C47 C41 H41 120.5  C43 C42 H42 119.6 
C48 C42 H42 119.6  C43 C44 H44 119.1 
C45 C44 H44 119.2  C3 C45 H45 120.3 
C44 C45 H45 120.3  C38 C46 H46 120.1 
C47 C46 H46 120.1  C41 C47 H47 119.5 
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Table 6. Bond angles involving hydrogens (o) (continued) 
 
atom atom atom angle  atom atom atom angle 
C46 C47 H47 119.5  C3 C48 H48 120.4 
C42 C48 H48 120.4  N49 H12 C12 25.5 
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Table 7. Torsion Angles(o) 
 (Those having bond angles > 160 or < 20 degrees are excluded.) 
 
atom1 atom2 atom3 atom4    angle  atom1 atom2 atom3 atom4    angle 
Rh2 Rh1 O35 C17 -11.2(4)   O35 Rh1 Rh2 O34 -172.61(18)  
O35 Rh1 Rh2 N30 98.90(18)   O35 Rh1 Rh2 N31 -81.99(18)  
O35 Rh1 Rh2 N32 8.66(18)   Rh2 Rh1 O36 C23 -11.8(4)  
O36 Rh1 Rh2 O34 95.58(16)   O36 Rh1 Rh2 N30 7.09(16)  
O36 Rh1 Rh2 N31 -173.81(16)   O36 Rh1 Rh2 N32 -83.16(16)  
Rh2 Rh1 O37 C21 -7.5(4)   O37 Rh1 Rh2 O34 -84.03(17)  
O37 Rh1 Rh2 N30 -172.52(17)   O37 Rh1 Rh2 N31 6.59(17)  
O37 Rh1 Rh2 N32 97.24(17)   Rh2 Rh1 N33 C19 -5.9(5)  
Rh2 Rh1 N33 C43 175.9(5)   N33 Rh1 Rh2 O34 6.0(2)  
N33 Rh1 Rh2 N30 -82.5(2)   N33 Rh1 Rh2 N31 96.6(2)  
N33 Rh1 Rh2 N32 -172.7(2)   O35 Rh1 O36 C23 -100.4(5)  
O36 Rh1 O35 C17 77.3(5)   O35 Rh1 O37 C21 81.2(5)  
O37 Rh1 O35 C17 -100.5(5)   O35 Rh1 N4 C25 -90.1(5)  
O35 Rh1 N4 C29 86.9(6)   N4 Rh1 O35 C17 168.0(5)  
O36 Rh1 N4 C25 1.6(5)   O36 Rh1 N4 C29 178.7(6)  
N4 Rh1 O36 C23 172.0(5)   O36 Rh1 N33 C19 -94.4(6)  
O36 Rh1 N33 C43 87.3(5)   N33 Rh1 O36 C23 75.2(5)  
O37 Rh1 N4 C25 -178.6(5)   O37 Rh1 N4 C29 -1.6(6)  
N4 Rh1 O37 C21 168.6(5)   O37 Rh1 N33 C19 83.5(6)  
O37 Rh1 N33 C43 -94.8(5)   N33 Rh1 O37 C21 -94.5(5)  
N4 Rh1 N33 C19 174.9(6)   N4 Rh1 N33 C43 -3.4(5)  
N33 Rh1 N4 C25 91.2(6)   N33 Rh1 N4 C29 -91.7(6)  
Rh1 Rh2 O34 C19 -8.5(4)   Rh1 Rh2 N30 C23 -5.0(5)  
Rh1 Rh2 N30 C38 171.7(5)   Rh1 Rh2 N31 C5 172.8(5)  
Rh1 Rh2 N31 C21 -8.2(5)   Rh1 Rh2 N32 C11 162.1(5)  
Rh1 Rh2 N32 C17 -9.2(5)   O34 Rh2 N30 C23 -94.1(6)  
O34 Rh2 N30 C38 82.6(5)   N30 Rh2 O34 C19 78.9(5)  
O34 Rh2 N31 C5 -98.3(5)   O34 Rh2 N31 C21 80.7(6)  
N31 Rh2 O34 C19 -95.1(5)   N30 Rh2 N32 C11 74.6(5)  
N30 Rh2 N32 C17 -96.6(6)   N32 Rh2 N30 C23 82.3(6)  
N32 Rh2 N30 C38 -101.0(5)   N31 Rh2 N32 C11 -111.4(5)  
N31 Rh2 N32 C17 77.4(6)   N32 Rh2 N31 C5 85.5(5)  
N32 Rh2 N31 C21 -95.5(6)   Rh2 O34 C19 N33 6.5(11)  
Rh2 O34 C19 C20 -173.9(5)   Rh1 O35 C17 N32 7.3(11)  
Rh1 O35 C17 C18 -175.8(4)   Rh1 O36 C23 N30 11.4(11)  
Rh1 O36 C23 C24 -167.9(4)   Rh1 O37 C21 N31 3.3(11)  
Rh1 O37 C21 C22 179.4(4)   Rh1 N4 C25 C26 177.7(7)  
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Table 7. Torsion angles (o) (continued) 
 
atom1 atom2 atom3 atom4 angle  atom1 atom2 atom3 atom4 angle 
Rh1 N4 C29 C28 -178.3(8)   C25 N4 C29 C28 -1.0(17)  
C29 N4 C25 C26 0.4(16)   Rh2 N30 C23 O36 -2.8(11)  
Rh2 N30 C23 C24 176.4(5)   Rh2 N30 C38 C39 -54.5(9)  
Rh2 N30 C38 C46 119.5(7)   C23 N30 C38 C39 122.1(9)  
C23 N30 C38 C46 -63.9(11)   C38 N30 C23 O36 -179.3(8)  
C38 N30 C23 C24 -0.1(13)   Rh2 N31 C5 C6 50.9(10)  
Rh2 N31 C5 C7 -121.5(7)   Rh2 N31 C21 O37 4.9(12)  
Rh2 N31 C21 C22 -170.9(5)   C5 N31 C21 O37 -176.2(8)  
C5 N31 C21 C22 8.1(13)   C21 N31 C5 C6 -128.1(9)  
C21 N31 C5 C7 59.5(12)   Rh2 N32 C11 N49 50.5(9)  
Rh2 N32 C11 C12 63.1(8)   Rh2 N32 C11 C13 -113.4(8)  
Rh2 N32 C17 O35 3.2(11)   Rh2 N32 C17 C18 -173.6(5)  
C11 N32 C17 O35 -167.8(7)   C11 N32 C17 C18 15.4(12)  
C17 N32 C11 N49 -138.4(9)   C17 N32 C11 C12 -125.8(9)  
C17 N32 C11 C13 57.8(11)   Rh1 N33 C19 O34 0.8(12)  
Rh1 N33 C19 C20 -178.8(5)   Rh1 N33 C43 C42 88.6(9)  
Rh1 N33 C43 C44 -90.3(10)   C19 N33 C43 C42 -89.7(11)  
C19 N33 C43 C44 91.3(12)   C43 N33 C19 O34 179.0(8)  
C43 N33 C19 C20 -0.6(13)   C11 N49 C12 C11 0.0(11)  
C11 N49 C12 C16 77(96)   C12 N49 C11 N32 125(88)  
C12 N49 C11 C13 -71(94)   C11 N49 C16 C15 22(31)  
C16 N49 C11 N32 172(16)   C16 N49 C11 C13 -25(34)  
C12 N49 C16 C15 158(38)   C16 N49 C12 C11 -77(96)  
C16 N49 C12 C16 -0.0(7)   C45 C3 C48 C42 3(3)  
C48 C3 C45 C44 -5(3)   N31 C5 C6 C8 -176.1(8)  
N31 C5 C7 C10 175.7(8)   C6 C5 C7 C10 3.2(15)  
C7 C5 C6 C8 -3.3(15)   C5 C6 C8 C9 2.0(16)  
C5 C7 C10 C9 -1.6(17)   C6 C8 C9 C10 -0.4(17)  
C8 C9 C10 C7 0.2(17)   N32 C11 C12 N49 -60(3)  
N32 C11 C12 C16 -177.5(7)   N32 C11 C13 C14 176.7(7)  
N49 C11 C13 C14 15(21)   C12 C11 C13 C14 0.2(13)  
C13 C11 C12 N49 116(3)   C13 C11 C12 C16 -0.9(13)  
N49 C12 C16 C15 -24(42)   C11 C12 C16 C15 0.9(15)  
C11 C13 C14 C15 0.6(13)   C13 C14 C15 C16 -0.7(14)  
C14 C15 C16 N49 -6.2(12)   C14 C15 C16 C12 -0.0(15)  
N4 C25 C26 C27 0(2)   C25 C26 C27 C271 -179.7(10)  
C25 C26 C27 C28 -0.1(17)   C26 C27 C271 C261 -180(519224)  
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Table 7. Torsion angles (o) (continued) 
 
atom1 atom2 atom3 atom4 angle  atom1 atom2 atom3 atom4 angle 
C26 C27 C271 C281 -0.4(15)   C26 C27 C28 C29 -0.5(16)  
C271 C27 C28 C29 179.2(9)   C28 C27 C271 C261 0.4(14)  
C28 C27 C271 C281 180(519224)   C27 C28 C29 N4 1(2)  
N30 C38 C39 C40 179.4(7)   N30 C38 C46 C47 -177.8(7)  
C39 C38 C46 C47 -3.7(13)   C46 C38 C39 C40 5.2(13)  
C38 C39 C40 C41 -2.5(15)   C39 C40 C41 C47 -1.8(17)  
C40 C41 C47 C46 3.2(17)   C43 C42 C48 C3 -3(3)  
C48 C42 C43 N33 -174.8(13)   C48 C42 C43 C44 4(2)  
N33 C43 C44 C45 173.3(10)   C42 C43 C44 C45 -6(2)  
C43 C44 C45 C3 6(3)   C38 C46 C47 C41 -0.5(15)  
 
 
Symmetry Operators: 
 
(1)  -X,-Y,-Z+1 
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Table 8. Intramolecular contacts less than 3.60 Å 
 
atom atom distance  atom atom distance 
Rh2 N49 3.1(4)  Rh2 C6 3.352(10)  
Rh2 C12 3.484(11)  Rh2 C39 3.396(11)  
O34 C21 3.524(11)  O34 C23 3.592(11)  
O34 C38 3.499(13)  O34 C39 3.210(14)  
O34 C43 3.584(15)  O35 N31 3.480(11)  
O35 C11 3.576(14)  O35 C21 3.396(12)  
O35 C25 3.587(15)  O35 C29 3.557(15)  
O36 N32 3.522(10)  O36 C17 3.435(10)  
O36 C25 3.004(15)  O36 C38 3.594(14)  
O36 C43 3.550(13)  O36 C44 3.587(17)  
O37 C5 3.580(13)  O37 C19 3.513(11)  
O37 C29 3.040(15)  N4 C27 2.814(14)  
N4 C42 3.367(18)  N4 C43 3.043(13)  
N4 C44 3.480(15)  N30 N33 3.480(12)  
N30 C11 3.437(11)  N30 C19 3.400(14)  
N31 C17 3.430(13)  N32 C5 3.571(13)  
N32 C23 3.481(10)  N33 C21 3.584(11)  
N33 C23 3.355(13)  N49 C14 2.7(4) 
N49 C17 3.1(4)  N49 C18 3.6(4) 
C3 C43 2.75(3)  C5 C9 2.796(16)  
C5 C22 2.906(16)  C6 C10 2.751(13)  
C6 C21 3.486(16)  C7 C8 2.726(17)  
C7 C21 3.074(15)  C7 C22 3.157(17)  
C11 C15 2.807(17)  C11 C18 2.876(16)  
C12 C14 2.768(16)  C12 C17 3.477(17)  
C13 C16 2.747(17)  C13 C17 3.049(16)  
C13 C18 3.152(16)  C13 C46 3.502(13)  
C19 C42 3.22(3)  C19 C44 3.239(18)  
C20 C42 3.41(3)  C20 C43 2.826(18)  
C20 C44 3.43(2)  C23 C39 3.474(17)  
C23 C46 3.112(17)  C24 C38 2.904(16)  
C24 C46 3.169(17)  C25 C28 2.631(16)  
C25 C43 3.547(18)  C25 C44 3.49(2)  
C26 C281 2.99(2)  C26 C29 2.631(18)  
C29 C42 3.42(2)  C38 C41 2.798(19)  
C39 C47 2.76(2)  C40 C46 2.75(2)  
C42 C45 2.70(3)  C44 C48 2.71(3)  
 
 
 
Symmetry Operators: 
 
(1)  -X,-Y,-Z+1 
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Appendix F 
Experimental Details OF SB-51 
Crystal Data  
 
 
Empirical Formula C18H18ClMoN3O5.5S2.5 
 
Formula Weight 575.90 
 
Crystal Color, Habit red, chunk 
 
Crystal Dimensions 0.449 X 0.321 X 0.272 mm 
 
Crystal System monoclinic 
 
Lattice Type C-centered 
 
Lattice Parameters a =  22.8707(13) Å 
 b =  17.6106(10) Å 
 c =  11.3228(8) Å 
  =  92.129(7) o 
 V = 4557.3(5) Å3 
 
Space Group C2/c (#15) 
 
Z value 8 
 
Dcalc 1.679 g/cm3 
 
F000 2320.00 
 
(MoK) 9.578 cm-1 
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Intensity Measurements  
 
 
 
Diffractometer XtaLAB mini 
 
Radiation MoK ( = 0.71075 Å) 
 graphite monochromated 
 
Voltage, Current 50kV, 12mA 
 
Temperature -50.0oC 
 
Detector Aperture 75.0 mm (diameter) 
 
Data Images 540 exposures 
 
 oscillation Range (=54.0, =0.0) -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
 oscillation Range (=54.0, =120.0) -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
 oscillation Range (=54.0, =240.0) -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
 oscillation Range (=0.0, =0.0) -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
 oscillation Range (=0.0, =120.0) -60.0 - 120.0o 
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Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
 oscillation Range (=0.0, =240.0) -60.0 - 120.0o 
 
Exposure Rate  16.0 sec./o 
 
Detector Swing Angle 29.50o 
 
Detector Position 50.00 mm 
 
Pixel Size 0.146 mm 
 
2max 55.0o 
 
No. of Reflections Measured Total: 23709 
 Unique: 5229 (Rint = 0.0196) 
 
Corrections Lorentz-polarization 
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Structure Solution and Refinement  
 
 
 
Structure Solution Direct Methods (SHELXS97) 
 
Refinement Full-matrix least-squares on F2 
 
Function Minimized  w (Fo2 - Fc2)2  
 
Least Squares Weights w = 1/ [ 2(Fo2) + (0.0545 . P)2  
  + 17.0249 .  P ] 
  where P = (Max(Fo2,0) + 2Fc2)/3 
 
2max cutoff 55.0o 
 
Anomalous Dispersion All non-hydrogen atoms 
 
No. Observations (All reflections) 5229 
 
No. Variables 292 
 
Reflection/Parameter Ratio 17.91 
 
Residuals: R1 (I>2.00(I)) 0.0352 
 
Residuals: R (All reflections) 0.0372 
 
Residuals: wR2 (All reflections) 0.1014 
 
Goodness of Fit Indicator 1.076 
 
Max Shift/Error in Final Cycle 0.001 
 
Maximum peak in Final Diff. Map 1.41 e-/Å3 
 
Minimum peak in Final Diff. Map -1.64 e-/Å3 
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Table 1. Atomic coordinates and Biso/Beq and occupancy 
 
atom    x    y    z  Beq  occ 
Mo1     0.137127(9)  0.144733(12) 0.288727(18) 1.400(6)   1 
Cl1     0.45920(3)  0.02399(6)  0.88881(8)  3.533(17)   1 
S1      0.14575(3)  0.06579(4)  0.46540(6)  2.064(12)   1 
S2      0.05931(4)  0.22279(4)  0.50574(7)  2.747(14)   1 
S3      0.0366(2)  0.0924(3)  0.7640(5)  20.2(2)   1 
O1      0.17077(9)  0.08425(12)  0.19538(18)  2.46(4)   1 
O2      0.06465(8)  0.12149(12)  0.2763(2)  2.35(3)   1 
O3      0.10748(9)  0.23649(11)  0.41982(18)  2.17(3)   1 
O4      0.14795(8)  0.23740(11)  0.20135(17)  1.88(3)   1 
O5      0.13405(9)  0.31766(13)  0.00807(18)  2.45(4)   1 
O6      0.0180(7)  0.1782(4)  0.7749(16)  8.9(6)   1/2  
N1      0.22464(9)  0.17813(12)  0.37570(18)  1.44(3)   1 
N2      0.24905(10)  0.14319(12)  0.4765(2)  1.70(4)   1 
N3      0.23484(10)  0.04789(13)  0.61374(19)  1.81(4)   1 
C1      0.21626(11)  0.09019(14)  0.5191(2)  1.55(4)   1 
C2      0.28942(12)  0.04696(15)  0.6757(2)  1.66(4)   1 
C3      0.29448(12) -0.00424(16)  0.7698(2)  2.02(4)   1 
C4      0.34641(13) -0.01133(17)  0.8353(3)  2.27(5)   1 
C5      0.39363(12)  0.03275(17)  0.8069(3)  2.18(5)   1 
C6      0.38915(12)  0.08512(17)  0.7163(3)  2.22(5)   1 
C7      0.33687(12)  0.09269(16)  0.6504(2)  1.88(4)   1 
C8      0.25942(11)  0.22830(14)  0.3323(2)  1.65(4)   1 
C9      0.24925(12)  0.27194(15)  0.2264(2)  1.71(4)   1 
C10     0.19499(11)  0.27392(14)  0.1644(2)  1.60(4)   1 
C11     0.18865(12)  0.31851(15)  0.0610(2)  1.90(4)   1 
C12     0.23588(14)  0.35856(16)  0.0207(3)  2.28(5)   1 
C13     0.28970(14)  0.35666(17)  0.0830(3)  2.52(5)   1 
C14     0.29626(12)  0.31469(16)  0.1847(3)  2.18(5)   1 
C15     0.12543(16)  0.3638(2) -0.0938(3)  3.07(6)   1 
C16     0.06108(18)  0.3048(3)  0.5961(4)  4.13(8)   1 
C17    -0.00728(17)  0.2439(4)  0.4275(5)  6.40(15)   1 
C18     0.0075(6)  0.0434(5)  0.8787(11)  13.9(4)   1 
 
Beq = 8/3 
2(U11(aa*)
2 + U22(bb*)
2 + U33(cc*)
2 + 2U12(aa*bb*)cos  + 2U13(aa*cc*)cos  + 2U23(bb*cc*)cos )  
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Table 2. Atomic coordinates and Biso involving hydrogen atoms 
 
atom    x    y    z  Biso  occ 
H4      0.20900  0.01652  0.64014  2.167   1 
H5      0.23175  0.38728 -0.04909  2.741   1 
H6      0.32156  0.38427  0.05521  3.024   1 
H7      0.33245  0.31444  0.22682  2.621   1 
H9      0.33368  0.12859  0.58908  2.260   1 
H11     0.26216 -0.03424  0.78881  2.419   1 
H12     0.42143  0.11570  0.69911  2.667   1 
H17     0.29496  0.23695  0.37448  1.981   1 
H20A    0.13316  0.41642 -0.07329  3.684   1 
H20B    0.08534  0.35875 -0.12386  3.684   1 
H20C    0.15188  0.34779 -0.15404  3.684   1 
H25     0.34948 -0.04585  0.89855  2.730   1 
H29A    0.05862  0.34979  0.54669  4.951   1 
H29B    0.09735  0.30579  0.64327  4.951   1 
H29C    0.02823  0.30385  0.64786  4.951   1 
H30A   -0.00572  0.29517  0.39657  7.686   1 
H30B   -0.03949  0.23969  0.48050  7.686   1 
H30C   -0.01307  0.20834  0.36270  7.686   1 
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Table 3. Anisotropic displacement parameters 
 
atom   U11   U22   U33   U12   U13   U23 
Mo1    0.01526(12) 0.01739(13) 0.02038(13)  0.00050(7) -0.00174(8)  0.00108(7) 
Cl1    0.0289(4) 0.0615(5) 0.0426(4)  -0.0003(4) -0.0152(3)  0.0154(4) 
S1     0.0198(3) 0.0264(3) 0.0318(4) -0.0041(2) -0.0048(3)  0.0115(3) 
S2     0.0371(4) 0.0286(4) 0.0399(4) -0.0003(3)  0.0187(3) -0.0017(3) 
S3     0.270(5) 0.171(3) 0.338(6) -0.070(3)  0.171(6) -0.053(4) 
O1     0.0329(11) 0.0324(11) 0.0276(10)  0.0080(9) -0.0034(8) -0.0075(8) 
O2     0.0197(9) 0.0294(10) 0.0397(12) -0.0023(8) -0.0057(8)  0.0051(9) 
O3     0.0258(10) 0.0245(10) 0.0327(10)  -0.0007(8)  0.0088(8) -0.0014(8) 
O4     0.0204(9) 0.0263(10) 0.0249(9) -0.0012(7)  0.0004(7)  0.0082(7) 
O5     0.0302(11) 0.0352(11) 0.0273(10) -0.0022(9) -0.0034(8)  0.0117(9) 
O6     0.18(2) 0.044(3) 0.116(15) -0.024(5)  0.087(12) -0.009(5) 
N1     0.0185(10) 0.0178(10) 0.0182(10)  0.0013(8)  -0.0004(8)  0.0006(8) 
N2     0.0224(11) 0.0215(11) 0.0201(11) -0.0015(8) -0.0047(8)  0.0034(8) 
N3     0.0227(11) 0.0238(11) 0.0218(10) -0.0056(9) -0.0034(8)  0.0066(9) 
C1     0.0204(11) 0.0188(11) 0.0198(11)  0.0013(9) -0.0015(9) -0.0010(9) 
C2     0.0239(12) 0.0214(12) 0.0175(11)  0.0004(10) -0.0028(9)  0.0004(9) 
C3     0.0269(13) 0.0258(13) 0.0237(13) -0.0037(10) -0.0021(10)  0.0051(10) 
C4     0.0329(15) 0.0300(14) 0.0231(13)  0.0019(12) -0.0050(11)  0.0067(11) 
C5     0.0238(13) 0.0336(15) 0.0247(13)  0.0033(11) -0.0069(10)  0.0019(11) 
C6     0.0238(13) 0.0315(14) 0.0289(14) -0.0032(11) -0.0029(11)  0.0038(11) 
C7     0.0236(13) 0.0251(13) 0.0225(12)  -0.0009(10) -0.0024(10)  0.0045(10) 
C8     0.0186(11) 0.0208(12) 0.0232(12)  -0.0001(9)  -0.0007(9)  -0.0002(10) 
C9     0.0238(12) 0.0199(12) 0.0213(12)  -0.0003(10)  0.0030(10)  0.0009(9) 
C10    0.0225(12) 0.0171(11) 0.0213(12)  0.0008(9)  0.0040(9)  0.0008(9) 
C11    0.0273(13) 0.0228(12) 0.0220(12)  0.0011(10)  0.0003(10)  0.0010(10) 
C12    0.0358(16) 0.0261(14) 0.0253(14) -0.0017(11)  0.0060(12)  0.0078(10) 
C13    0.0308(15) 0.0300(15) 0.0354(16) -0.0072(11)  0.0087(12)  0.0074(12) 
C14    0.0225(13) 0.0286(14) 0.0320(14) -0.0031(11)  0.0027(11)  0.0024(11) 
C15    0.0442(19) 0.0465(19) 0.0256(15)  0.0024(15) -0.0042(13)  0.0133(13) 
C16    0.048(2) 0.062(3) 0.047(2)  0.0043(18)  0.0071(17) -0.0252(19) 
C17    0.0253(18) 0.122(5) 0.096(4)  0.005(2)  -0.001(2) -0.066(4) 
C18    0.235(12) 0.102(6) 0.198(11)  0.068(7)  0.108(10)  0.049(7) 
 
 
The general temperature factor expression: exp(-22(a*2U11h2 + b*2U22k2 + c*2U33l2 
+ 2a*b*U12hk + 2a*c*U13hl + 2b*c*U23kl))  
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Table 4. Fragment Analysis 
 
 
 
fragment: 1   
 Mo(1) Cl(1) S(1) S(2) O(1) 
 O(2) O(3) O(4) O(5) N(1) 
 N(2) N(3) C(1) C(2) C(3) 
 C(4) C(5) C(6) C(7) C(8) 
 C(9) C(10) C(11) C(12) C(13) 
 C(14) C(15) C(16) C(17) 
 
 
fragment: 2   
 S(3) O(6) C(18) 
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Table 5. Bond lengths (Å) 
 
atom atom distance  atom atom distance 
Mo1 S1 2.4380(7)  Mo1 O1 1.704(2)  
Mo1 O2 1.7081(19)  Mo1 O3 2.313(2)  
Mo1 O4 1.929(2)  Mo1 N1 2.275(2)  
Cl1 C5 1.741(3)  S1 C1 1.756(3)  
S2 O3 1.516(2)  S2 C16 1.770(4)  
S2 C17 1.772(5)  S3 S31 1.691(6)  
S3 O6 1.575(9)  S3 O61 1.998(12)  
S3 C18 1.714(13)  S3 C181 2.061(13)  
O4 C10 1.334(3)  O5 C11 1.365(3)  
O5 C15 1.419(4)  O6 O61 0.98(2)  
N1 N2 1.395(3)  N1 C8 1.298(3)  
N2 C1 1.301(3)  N3 C1 1.360(3)  
N3 C2 1.409(3)  C2 C3 1.398(4)  
C2 C7 1.390(4)  C3 C4 1.382(4)  
C4 C5 1.378(4)  C5 C6 1.380(4)  
C6 C7 1.392(4)  C8 C9 1.435(4)  
C9 C10 1.404(4)  C9 C14 1.409(4)  
C10 C11 1.413(4)  C11 C12 1.381(4)  
C12 C13 1.396(4)  C13 C14 1.371(4)  
 
 
Symmetry Operators: 
 
(1)  -X,Y,-Z+1/2+1 
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Table 6. Bond lengths involving hydrogens (Å) 
 
atom atom distance  atom atom distance 
N3 H4 0.870  C3 H11 0.940  
C4 H25 0.940  C6 H12 0.940  
C7 H9 0.940  C8 H17 0.940  
C12 H5 0.940  C13 H6 0.940  
C14 H7 0.940  C15 H20A 0.970  
C15 H20B 0.970  C15 H20C 0.970  
C16 H29A 0.970  C16 H29B 0.970  
C16 H29C 0.970  C17 H30A 0.970  
C17 H30B 0.970  C17 H30C 0.970  
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Table 7. Bond angles (o) 
 
atom atom atom angle  atom atom atom angle 
S1 Mo1 O1 97.35(7)  S1 Mo1 O2 88.82(8) 
S1 Mo1 O3 83.60(5)  S1 Mo1 O4 153.53(6) 
S1 Mo1 N1 75.47(6)  O1 Mo1 O2 104.98(10) 
O1 Mo1 O3 169.95(9)  O1 Mo1 O4 98.12(9) 
O1 Mo1 N1 91.14(9)  O2 Mo1 O3 85.03(9) 
O2 Mo1 O4 107.65(9)  O2 Mo1 N1 158.91(9) 
O3 Mo1 O4 77.55(8)  O3 Mo1 N1 79.38(7) 
O4 Mo1 N1 82.86(8)  Mo1 S1 C1 100.95(9) 
O3 S2 C16 103.86(16)  O3 S2 C17 106.1(2) 
C16 S2 C17 96.8(2)  S31 S3 O6 75.3(6) 
S31 S3 O61 49.7(4)  S31 S3 C18 74.5(5) 
S31 S3 C181 53.3(4)  O6 S3 O61 28.8(7) 
O6 S3 C18 108.1(8)  O6 S3 C181 109.7(7) 
O61 S3 C18 106.9(7)  O61 S3 C181 82.0(6) 
C18 S3 C181 101.0(5)  Mo1 O3 S2 122.55(11) 
Mo1 O4 C10 133.55(16)  C11 O5 C15 116.6(2) 
S3 O6 S31 55.0(4)  S3 O6 O61 100.3(9) 
S31 O6 O61 50.9(7)  Mo1 N1 N2 123.99(15) 
Mo1 N1 C8 123.62(17)  N2 N1 C8 112.2(2) 
N1 N2 C1 113.6(2)  C1 N3 C2 130.1(2) 
S1 C1 N2 125.6(2)  S1 C1 N3 113.27(19) 
N2 C1 N3 121.2(2)  N3 C2 C3 115.7(2) 
N3 C2 C7 125.1(2)  C3 C2 C7 119.2(2) 
C2 C3 C4 120.8(3)  C3 C4 C5 119.3(3) 
Cl1 C5 C4 119.5(2)  Cl1 C5 C6 119.6(2) 
C4 C5 C6 120.9(3)  C5 C6 C7 120.1(3) 
C2 C7 C6 119.7(3)  N1 C8 C9 126.8(2) 
C8 C9 C10 123.0(2)  C8 C9 C14 117.7(2) 
C10 C9 C14 119.4(2)  O4 C10 C9 122.6(2) 
O4 C10 C11 118.0(2)  C9 C10 C11 119.4(2) 
O5 C11 C10 114.9(2)  O5 C11 C12 125.1(3) 
C10 C11 C12 120.0(2)  C11 C12 C13 120.4(3) 
C12 C13 C14 120.3(3)  C9 C14 C13 120.6(3) 
S3 C18 S31 52.2(4) 
 
 
Symmetry Operators: 
 
(1)  -X,Y,-Z+1/2+1 
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Table 8. Bond angles involving hydrogens (o) 
 
atom atom atom angle  atom atom atom angle 
C1 N3 H4 115.0  C2 N3 H4 115.0 
C2 C3 H11 119.6  C4 C3 H11 119.6 
C3 C4 H25 120.4  C5 C4 H25 120.4 
C5 C6 H12 120.0  C7 C6 H12 120.0 
C2 C7 H9 120.1  C6 C7 H9 120.1 
N1 C8 H17 116.6  C9 C8 H17 116.6 
C11 C12 H5 119.8  C13 C12 H5 119.8 
C12 C13 H6 119.9  C14 C13 H6 119.9 
C9 C14 H7 119.7  C13 C14 H7 119.7 
O5 C15 H20A 109.5  O5 C15 H20B 109.5 
O5 C15 H20C 109.5  H20A C15 H20B 109.5 
H20A C15 H20C 109.5  H20B C15 H20C 109.5 
S2 C16 H29A 109.5  S2 C16 H29B 109.5 
S2 C16 H29C 109.5  H29A C16 H29B 109.5 
H29A C16 H29C 109.5  H29B C16 H29C 109.5 
S2 C17 H30A 109.5  S2 C17 H30B 109.5 
S2 C17 H30C 109.5  H30A C17 H30B 109.5 
H30A C17 H30C 109.5  H30B C17 H30C 109.5 
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Table 9. Torsion Angles(o) 
 (Those having bond angles > 160 or < 20 degrees are excluded.) 
 
atom1 atom2 atom3 atom4    angle  atom1 atom2 atom3 atom4    angle 
O1 Mo1 S1 C1 84.91(8)   O2 Mo1 S1 C1 -170.14(8)  
S1 Mo1 O3 S2 -51.73(12)   O3 Mo1 S1 C1 -85.01(6)  
S1 Mo1 O4 C10 67.0(2)   O4 Mo1 S1 C1 -40.42(14)  
S1 Mo1 N1 N2 4.20(13)   S1 Mo1 N1 C8 179.16(16)  
N1 Mo1 S1 C1 -4.36(6)   O1 Mo1 O4 C10 -58.17(19)  
O1 Mo1 N1 N2 -93.09(16)   O1 Mo1 N1 C8 81.87(16)  
O2 Mo1 O3 S2 37.63(14)   O2 Mo1 O4 C10 -166.79(17)  
O2 Mo1 N1 N2 47.2(3)   O2 Mo1 N1 C8 -137.8(2)  
O3 Mo1 O4 C10 112.61(18)   O4 Mo1 O3 S2 146.96(14)  
O3 Mo1 N1 N2 90.27(15)   O3 Mo1 N1 C8 -94.77(16)  
N1 Mo1 O3 S2 -128.10(14)   O4 Mo1 N1 N2 168.87(16)  
O4 Mo1 N1 C8 -16.17(15)   N1 Mo1 O4 C10 31.97(17)  
Mo1 S1 C1 N2 6.4(2)   Mo1 S1 C1 N3 -174.04(14)  
C16 S2 O3 Mo1 172.57(16)   C17 S2 O3 Mo1 -86.0(2)  
S31 S3 O6 S31 -0.0(2)   S31 S3 O6 O61 -24.5(10)  
O6 S3 S31 O61 15.2(7)   O6 S3 S31 O6 0.0(7)  
O6 S3 S31 C181 129.1(7)   O6 S3 S31 C18 -113.9(7)  
S31 S3 O61 S31 -0.0(3)   S31 S3 O61 O6 148.3(13)  
O61 S3 S31 O61 0.0(7)   O61 S3 S31 O6 -15.2(7)  
O61 S3 S31 C181 113.9(7)   O61 S3 S31 C18 -129.1(7)  
S31 S3 C18 S31 -0.00(17)   C18 S3 S31 O61 129.1(4)  
C18 S3 S31 O6 113.9(5)   C18 S3 S31 C181 -116.9(4)  
C18 S3 S31 C18 0.0(4)   S31 S3 C181 S31 -0.0(2)  
C181 S3 S31 O61 -113.9(5)   C181 S3 S31 O6 -129.1(4)  
C181 S3 S31 C181 0.0(4)   C181 S3 S31 C18 116.9(4)  
O6 S3 O61 S31 -148.3(18)   O6 S3 O61 O6 0.0(13)  
O61 S3 O6 S31 24.5(14)   O61 S3 O6 O61 0.0(10)  
O6 S3 C18 S31 68.5(7)   C18 S3 O6 S31 -67.9(6)  
C18 S3 O6 O61 -92.4(13)   O6 S3 C181 S31 -52.9(7)  
C181 S3 O6 S31 41.3(5)   C181 S3 O6 O61 16.9(14)  
O61 S3 C18 S31 38.2(5)   C18 S3 O61 S31 -51.4(7)  
C18 S3 O61 O6 96.9(10)   O61 S3 C181 S31 -44.8(5)  
C181 S3 O61 S31 47.7(5)   C181 S3 O61 O6 -164.0(10)  
C18 S3 C181 S31 61.0(5)   C181 S3 C18 S31 -46.7(4)  
Mo1 O4 C10 C9 -31.3(3)   Mo1 O4 C10 C11 151.21(15)  
C15 O5 C11 C10 177.9(2)   C15 O5 C11 C12 -2.2(4)  
S3 O6 O61 S31 25.9(14)   S3 O6 O61 S3 0.0(2)  
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Table 9. Torsion angles (o) (continued) 
 
atom1 atom2 atom3 atom4 angle  atom1 atom2 atom3 atom4 angle 
S31 O6 O61 S31 0.0(2)   S31 O6 O61 S3 -25.9(14)  
Mo1 N1 N2 C1 -1.6(3)   Mo1 N1 C8 C9 1.4(3)  
N2 N1 C8 C9 176.9(2)   C8 N1 N2 C1 -177.11(19)  
N1 N2 C1 S1 -3.8(3)   N1 N2 C1 N3 176.66(19)  
C1 N3 C2 C3 -179.6(2)   C1 N3 C2 C7 0.9(4)  
C2 N3 C1 S1 175.3(2)   C2 N3 C1 N2 -5.1(4)  
N3 C2 C3 C4 178.6(2)   N3 C2 C7 C6 -178.4(2)  
C3 C2 C7 C6 2.1(4)   C7 C2 C3 C4 -1.9(4)  
C2 C3 C4 C5 -0.1(4)   C3 C4 C5 Cl1 -179.9(2)  
C3 C4 C5 C6 1.8(4)   Cl1 C5 C6 C7 -179.86(18)  
C4 C5 C6 C7 -1.6(4)   C5 C6 C7 C2 -0.5(4)  
N1 C8 C9 C10 10.1(4)   N1 C8 C9 C14 -170.3(2)  
C8 C9 C10 O4 2.4(4)   C8 C9 C10 C11 179.9(2)  
C8 C9 C14 C13 179.0(2)   C10 C9 C14 C13 -1.4(4)  
C14 C9 C10 O4 -177.2(2)   C14 C9 C10 C11 0.3(4)  
O4 C10 C11 O5 -1.4(3)   O4 C10 C11 C12 178.7(2)  
C9 C10 C11 O5 -179.0(2)   C9 C10 C11 C12 1.1(4)  
O5 C11 C12 C13 178.7(2)   C10 C11 C12 C13 -1.4(4)  
C11 C12 C13 C14 0.3(4)   C12 C13 C14 C9 1.1(4)  
 
 
Symmetry Operators: 
 
(1)  -X,Y,-Z+1/2+1 
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Table 10. Possible hydrogen bonds 
 
Donor  H Acceptor  D...A D-H H...A   D-H...A 
 N3  H4   O11  2.918(3) 0.87 2.08   160.30   
 
 
 
Symmetry Operators: 
 
(1)  X,-Y,Z+1 
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Table 11. Intramolecular contacts less than 3.60 Å 
 
atom atom distance  atom atom distance 
Mo1 C9 3.497(3)  S1 S2 3.4393(11)  
S2 O2 3.157(2)  O1 C8 3.566(3)  
O1 C10 3.406(3)  O2 C17 3.239(6)  
O4 O5 2.615(3)  O4 C8 2.905(3)  
N1 N3 3.540(3)  N1 C10 2.985(3)  
N2 C2 2.942(3)  N2 C7 2.899(3)  
C1 C7 3.085(4)  C1 C8 3.394(4)  
C2 C5 2.773(4)  C3 C6 2.762(4)  
C4 C7 2.784(4)  C9 C12 2.792(4)  
C10 C13 2.795(4)  C11 C14 2.787(4)  
C12 C15 2.798(5)   
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Table 12. Intramolecular contacts less than 3.60 Å involving hydrogens 
 
atom atom distance  atom atom distance 
Cl1 H12 2.798  Cl1 H25 2.800  
S1 H4 2.559  O2 H30C 2.566  
O3 H29A 2.723  O3 H29B 2.826  
O3 H29C 3.422  O3 H30A 2.791  
O3 H30B 3.456  O3 H30C 2.852  
O5 H5 2.650  N1 H9 3.517  
N2 H4 3.061  N2 H9 2.292  
N2 H17 2.292  N3 H9 2.693  
N3 H11 2.514  C1 H9 2.853  
C1 H17 3.581  C2 H12 3.254  
C2 H25 3.266  C3 H4 2.429  
C3 H9 3.256  C4 H12 3.244  
C5 H9 3.249  C5 H11 3.229  
C6 H25 3.247  C7 H4 3.216  
C7 H11 3.251  C8 H7 2.582  
C9 H6 3.263  C10 H5 3.269  
C10 H7 3.275  C10 H17 3.302  
C11 H6 3.256  C11 H20A 2.598  
C11 H20B 3.178  C11 H20C 2.598  
C12 H7 3.247  C12 H20A 2.739  
C12 H20C 2.713  C14 H5 3.244  
C14 H17 2.549  C15 H5 2.500  
C16 H30A 2.685  C16 H30B 2.845  
C16 H30C 3.523  C17 H29A 2.724  
C17 H29B 3.528  C17 H29C 2.802  
H4 H9 3.533  H4 H11 2.227  
H5 H6 2.332  H5 H20A 2.319  
H5 H20B 3.460  H5 H20C 2.252  
H6 H7 2.305  H7 H17 2.345  
H9 H12 2.334  H9 H17 3.189  
H11 H25 2.322  H29A H30A 2.407  
H29A H30B 3.038  H29B H30A 3.592  
H29C H30A 2.925  H29C H30B 2.655  
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Table 13. Intermolecular contacts less than 3.60 Å 
 
atom atom distance  atom atom distance 
Cl1 Cl11 3.1918(12)  S2 O6 3.318(17)  
S2 O62 3.200(17)  O1 N33 2.918(3)  
O1 C23 3.577(3)  O1 C33 3.244(3)  
O1 C124 3.456(4)  O1 C134 3.471(4)  
O2 O25 2.995(3)  O2 C175 3.387(6)  
O2 C183 3.405(11)  O3 C66 3.501(4)  
O3 C76 3.373(3)  O4 C66 3.379(4)  
O4 C76 3.442(3)  O4 C175 3.485(5)  
O5 C56 3.439(4)  O5 C175 3.284(5)  
O6 S2 3.318(17)  O6 S22 3.200(17)  
O6 C16 3.192(14)  O6 C162 3.251(14)  
O6 C172 3.580(18)  N2 C33 3.568(4)  
N2 C86 3.143(3)  N3 O17 2.918(3)  
N3 C146 3.420(4)  C2 O17 3.577(3)  
C2 C96 3.501(4)  C2 C146 3.537(4)  
C3 O17 3.244(3)  C3 N27 3.568(4)  
C3 C126 3.579(4)  C4 C158 3.586(4)  
C5 O56 3.439(4)  C5 C116 3.585(4)  
C6 O36 3.501(4)  C6 O46 3.379(4)  
C6 C106 3.447(4)  C6 C116 3.569(4)  
C7 O36 3.373(3)  C7 O46 3.442(3)  
C7 C96 3.422(4)  C7 C106 3.250(4)  
C8 N26 3.143(3)  C9 C26 3.501(4)  
C9 C76 3.422(4)  C10 C66 3.447(4)  
C10 C76 3.250(4)  C10 C124 3.547(4)  
C11 C56 3.585(4)  C11 C66 3.569(4)  
C11 C134 3.533(4)  C12 O14 3.456(4)  
C12 C36 3.579(4)  C12 C104 3.547(4)  
C13 O14 3.471(4)  C13 C114 3.533(4)  
C14 N36 3.420(4)  C14 C26 3.537(4)  
C15 C49 3.586(4)  C16 O6 3.192(14)  
C16 O62 3.251(14)  C17 O25 3.387(6)  
C17 O45 3.485(5)  C17 O55 3.284(5)  
C17 O62 3.580(18)  C18 O27 3.405(11)  
C18 C1810 3.173(16)   
 
Symmetry Operators: 
 
(1)  -X+1,-Y,-Z+2  (2)  -X,Y,-Z+1/2+1 
(3)  X,-Y,Z  (4)  -X+1/2,-Y+1/2,-Z 
(5)  -X,Y,-Z+1/2  (6)  -X+1/2,-Y+1/2,-Z+1 
(7)  X,-Y,Z+1  (8)  -X+1/2,Y+1/2-1,-Z+1/2 
(9)  -X+1/2,Y+1/2,-Z+1/2  (10)  -X,-Y,-Z+2  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens 
 
atom atom distance  atom atom distance 
Mo1 H111 3.459  Mo1 H30C2 3.447  
Cl1 H123 3.355  Cl1 H20A4 3.202  
Cl1 H20B4 3.548  Cl1 H29A5 3.183  
Cl1 H30A6 3.285  S1 H67 3.293  
S1 H111 3.434  S3 H74 3.414  
O1 H41 2.085  O1 H58 2.871  
O1 H68 2.903  O1 H111 2.470  
O2 H30C2 2.464  O3 H94 2.734  
O3 H124 2.993  O3 H174 3.199  
O4 H94 3.362  O4 H124 3.258  
O4 H30A2 3.547  O4 H30B2 3.165  
O4 H30C2 3.184  O5 H30A2 3.189  
O5 H30B2 2.569  O6 H74 3.424  
O6 H29B 3.281  O6 H29C 2.654  
O6 H29C9 2.617  O6 H30B9 2.998  
N1 H111 2.861  N1 H174 3.245  
N2 H111 2.887  N2 H174 2.905  
N2 H251 3.024  N3 H57 3.027  
N3 H74 3.422  C1 H74 3.546  
C1 H111 3.013  C1 H174 3.287  
C1 H251 3.474  C2 H57 3.185  
C2 H20A7 3.149  C2 H251 3.472  
C3 H57 3.185  C3 H20A7 3.149  
C3 H20C7 3.183  C4 H910 3.559  
C4 H20A7 3.278  C4 H20A4 3.191  
C4 H20C7 3.221  C4 H29A5 3.503  
C4 H29B5 3.473  C5 H20A7 3.383  
C5 H20A4 3.227  C6 H20A7 3.413  
C6 H29A4 3.446  C7 H20A7 3.303  
C7 H251 2.993  C7 H29A4 3.481  
C8 H94 3.438  C8 H111 3.454  
C8 H20C8 3.207  C8 H29B4 3.332  
C9 H58 3.485  C9 H94 3.365  
C9 H20C8 3.220  C10 H58 3.568  
C10 H94 3.362  C12 H411 3.580  
C14 H44 3.578  C14 H20C8 3.122  
C15 H29B12 3.190  C15 H30B2 3.237  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
C16 H94 3.455  C16 H174 3.378  
C16 H20B13 3.337  C16 H20B2 3.506  
C16 H20C13 3.529  C16 H2514 3.331  
C17 H124 3.498  C17 H20B2 3.538  
C17 H30C2 3.394  H4 O110 2.085  
H4 C127 3.580  H4 C144 3.578  
H4 H57 2.861  H4 H67 3.270  
H4 H74 3.484  H5 O18 2.871  
H5 N311 3.027  H5 C211 3.185  
H5 C311 3.185  H5 C98 3.485  
H5 C108 3.568  H5 H411 2.861  
H5 H1111 3.054  H6 S111 3.293  
H6 O18 2.903  H6 H411 3.270  
H7 S34 3.414  H7 O64 3.424  
H7 N34 3.422  H7 C14 3.546  
H7 H44 3.484  H7 H20C8 2.999  
H7 H29B4 3.008  H9 O34 2.734  
H9 O44 3.362  H9 C41 3.559  
H9 C84 3.438  H9 C94 3.365  
H9 C104 3.362  H9 C164 3.455  
H9 H251 2.639  H9 H29A4 2.976  
H9 H29B4 3.325  H11 Mo110 3.459  
H11 S110 3.434  H11 O110 2.470  
H11 N110 2.861  H11 N210 2.887  
H11 C110 3.013  H11 C810 3.454  
H11 H57 3.054  H11 H20A7 3.588  
H11 H20C7 3.276  H12 Cl13 3.355  
H12 O34 2.993  H12 O44 3.258  
H12 C174 3.498  H12 H29A4 2.901  
H12 H30A4 2.740  H12 H30A6 3.156  
H17 O34 3.199  H17 N14 3.245  
H17 N24 2.905  H17 C14 3.287  
H17 C164 3.378  H17 H174 3.599  
H17 H20C8 3.188  H17 H251 3.596  
H17 H29B4 2.590  H20A Cl14 3.202  
H20A C211 3.149  H20A C311 3.149  
H20A C411 3.278  H20A C44 3.191  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
H20A C511 3.383  H20A C54 3.227  
H20A C611 3.413  H20A C711 3.303  
H20A H1111 3.588  H20A H254 3.035  
H20B Cl14 3.548  H20B C1612 3.337  
H20B C162 3.506  H20B C172 3.538  
H20B H29A2 3.441  H20B H29B12 2.820  
H20B H29C12 3.012  H20B H29C2 2.775  
H20B H30A2 3.397  H20B H30B2 2.874  
H20C C311 3.183  H20C C411 3.221  
H20C C88 3.207  H20C C98 3.220  
H20C C148 3.122  H20C C1612 3.529  
H20C H78 2.999  H20C H1111 3.276  
H20C H178 3.188  H20C H2511 3.342  
H20C H29B12 2.675  H25 N210 3.024  
H25 C110 3.474  H25 C210 3.472  
H25 C710 2.993  H25 C165 3.331  
H25 H910 2.639  H25 H1710 3.596  
H25 H20A4 3.035  H25 H20C7 3.342  
H25 H29A5 2.843  H25 H29B5 2.928  
H29A Cl114 3.183  H29A C414 3.503  
H29A C64 3.446  H29A C74 3.481  
H29A H94 2.976  H29A H124 2.901  
H29A H20B2 3.441  H29A H2514 2.843  
H29B O6 3.281  H29B C414 3.473  
H29B C84 3.332  H29B C1513 3.190  
H29B H74 3.008  H29B H94 3.325  
H29B H174 2.590  H29B H20B13 2.820  
H29B H20C13 2.675  H29B H2514 2.928  
H29C O6 2.654  H29C O69 2.617  
H29C H20B13 3.012  H29C H20B2 2.775  
H29C H29C9 2.691  H30A Cl115 3.285  
H30A O42 3.547  H30A O52 3.189  
H30A H124 2.740  H30A H1215 3.156  
H30A H20B2 3.397  H30A H30A2 3.339  
H30A H30C2 3.352  H30B O42 3.165  
H30B O52 2.569  H30B O69 2.998  
H30B C152 3.237  H30B H20B2 2.874  
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Table 14. Intermolecular contacts less than 3.60 Å involving hydrogens (continued) 
 
atom atom distance  atom atom distance 
H30C Mo12 3.447  H30C O22 2.464  
H30C O42 3.184  H30C C172 3.394  
H30C H30A2 3.352  H30C H30C2 2.643  
 
 
Symmetry Operators: 
 
(1)  X,-Y,Z  (2)  -X,Y,-Z+1/2 
(3)  -X+1,Y,-Z+1/2+1  (4)  -X+1/2,-Y+1/2,-Z+1 
(5)  -X+1/2,Y+1/2-1,-Z+1/2+1  (6)  X+1/2,-Y+1/2,Z+1 
(7)  -X+1/2,Y+1/2-1,-Z+1/2  (8)  -X+1/2,-Y+1/2,-Z 
(9)  -X,Y,-Z+1/2+1  (10)  X,-Y,Z+1 
(11)  -X+1/2,Y+1/2,-Z+1/2  (12)  X,Y,Z-1 
(13)  X,Y,Z+1  (14)  -X+1/2,Y+1/2,-Z+1/2+1 
(15)  X+1/2-1,-Y+1/2,Z 
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